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Preface

This publication is part of a major hydrogen safety review in progress

by the NASA Aerospace Safety Research and Data Institute (ASRDI). The

objectives of the review include:

i. Recommendations to improve NASA's hydrogen handling practices

by comparing NASA and contractor hydrogen systems including

the design, inspection, operation, maintenance and emergency

procedures.

2. Assessment of the vulnerability to failure of hydrogen equip-

ment from a variety of sources so that hazards may be defined

and remedial measures formulated.

3. Contributions to safe hydrogen handling techniques through

research.

4. Formulation of criteria and standards on all aspects of hydrogen

handling storage and disposal.

This Special Publication is composed of the thermodynamic functions,

transport properties, and physical properties of both liquid and gaseous

hydrogen. The low temperature regime is emphasized. The tabulation of

the properties of normal hydrogen in both SI and engineering units is pre-

sented on microfiche in an envelope inside the back cover. The tabulation

of parahydrogen is presented in the text. Because the data are detailed

beyond that previously available, this handbook should fill an existing

need for both the scientific and technical communities.

Solomon Weiss, Acting Director

Aerospace Safety Research and Data Institute

National Aeronautics and Space Administration
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i. Introduction

As part of NASA's Aerospace Safety Research and Data Institute (ASRDI)

responsibility to provide up to date technical information, this document

gathers together the thermophysical properties of hydrogen under one cover.

(Chemical properties have been excluded).

The work was performed at the Cryogenic Data Center of the National

Bureau of Standards in Boulder, Colorado. The Cryogenic Data Center has

been collecting data and documents pertinent to the field for fifteen

years and presently has about 100,000 coded entries which may be computer

searched to give bibliographies on the physical properties of materials at

low temperatures. A computer search of the data center holdings produced a

bibliography for hydrogen of about 2500 references. All of these references

were considered, some of them do not appear here as a result of the review.

2. Scope and Philosophy

The scope of this handbook is defined as all physical properties of

fluid hydrogen (chemical properties were excluded) with no limits on pressure

or temperature. Although the solid phase was not included in the original

scope, articles dealing with the properties of solid which were encountered

during the review of the literature have been noted on the description

sheets and values of properties for the solid at the triple point have been

included where possible. In addition short descriptions of slush and

metallic hydrogen are given. Properties of the isotopes of hydrogen have

not been included, except in a few instances, and for the properties of

the isotopes the reader is referred to [83866].

Papers on engineering processes utilizing hydrogen were specifically

excluded in the bibliographic search and subsequent review. The subject

of hydrogen embrittlement of materials is not treated here, see [96890].
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The level of review of the properties of hydrogen varies from the ex-

tensive tabulations of "critically evaluated" thermodynamic and transport

properties to the selection of a few representative values from the litera-

ture by persons knowledgeable _n the field. In the latter case the data

selected were judged to be the most useful to the largest number of potential

users of this handbook. For those who need to pursue the subject in greater

detail, a list of references is provided. References to articles which treat

areas of limited interest in which only a few articles exist have also been

pointed out.

2.1 Pagination

The volume has been divided into three major sections. Section A

contains a descriptive sheet for each property: Section B contains all

the graphs and Section C contains all the tables.

Each major section is preceeded by a table of contents. Two systems

of pagination are used. Normal pagina_ion is used on the bottom of each

page, keyed to the table of contents in the front of the volume. In the

upper right and left corners is another number which is preceeded by the

letter of the section These numbers are keyed to the section table of

contents and the number remains constant by property from section to

section. For example A-22 is the descriptive sheet for the Joule Thomson

coefficient, B-22 is the graph of the Joule Thomson inversion curve, and

C-22 is the table of values for the inversion curve. This system is not

always possible since some of the tables contain entrys for many different

properties, but the descriptive sheet in section A will always indicate the

location of graphs or tables if they exist. In addition there is an index

which contains many property synonyms and cross references.

[

L

2.2 The Descriptive Sheets, Section A

These sheets serve as the starting point for the use of this handbook.

For a given property each sheet usually contains the following:
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i. A brief description or definition of the property to distinguish

between similar sounding terms.

2. A locator of tabular values of the property. The range and

units of the tables are given for convenience.

3. A locator of graphs and charts of the property.

4. Mathematical equations which represent the property provided

the functional form is simple.

5. One or more values of the property, usually at fixed points

to illustrate the range of the property.

6. An estimate of uncertainty is usually given. If an estimate

of uncertainty is given it is made on a 2 o level of probability.

This means that there is a 95% chance that new experimental measure-

ments (of equal or greater accuracy) of the property will fall within

a 2 o band of the quoted numbers. The estimate of the uncertainty of

a property is seldom straightforward and is often made on the basis

of the accuracy of the instrumentation used rather than the random

scatter of a given set of data. In the case of a property which is

tabulated over a wide range of pressure and temperature, the stated

uncertainty is for the most uncertain value and the uncertainty of

most of the tabular entries is much less. Exceptions to the above

convention are noted individually on the descriptive sheets. The

most common exception is the critical region where the uncertainty of

most properties is greater than the stated value. In no case should

the quoted uncertainty be associated with values from other than re-

commended sources or values extrapolated from the tables.

7. A list of references is given with each descriptive sheet.

Each list of references is seperated into at least two categories,

the first being those from which data were actually used or recom-

mended for use and a list of references that were reviewed but not

used or recommended. There are, in many cases, references in the

3
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latter category which contain very good data, but are not included

in the recommended category because the data for one reason or another

are not as well suited to the purposes of this compilation as some

others were. (See the section on evaluation).

In addition to the two primary categories of references, the list

sometimes contains others. These were introduced during the course of the

review when articles were encountered which might be of special interest

to a potential user of this handbook. These categories include; High

Temperature or High Pressure (beyond the range of tabulations here);

Ortho-Para differences; and Solid hydrogen.

2.3 Figures, Section B

Section B is a collection of property charts and diagrams. These

charts were taken from the literature in the original form of presentation

and consequently the units on the graphs are a complete mix of SI, metric

and engineering. The page numbers in the upper right hand corner of

section B are preficed with a B and are numerically keyed to section A.

In most cases the prime purpose of the charts is to illustrate the behavior

of a property over wide ranges of pressure and temperature. Although the

graphs will provide adequate values for rough calculations, for precise

calculations the tabular values are recommended.

2.4 The Tables, Section C

The tables of properties are collected in section C. The page numbers

which appear in the upper right hand corner of section C are preficed by

the letter C and are numerically keyed, where possible to sections A and B.

Some of the tables contain many properties making it impossible to main-

tain the page number to property correspondence with sections A and B. The

extensive tabulations of thermodynamic and transport properties cover the

range from the triple point to 5000 R (3000 K) with pressures to 15,000 psia

(I00 MPa). They are presented in both SI and engineering units for both para

and normal hydrogen. The tabulations of the properties of normal hydrogen are

presented in the form of microfich in a jacket on the inside of the back cover.

L
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2.5 The Appendices

There are two appendicies in this report. The first is a bibliography

of references which were considered for contribution to this document. The

bibliography is arranged by the accession numbers of the Cryogenic Data Center.

All of the references which appear in the bibliography appear also in or

near the descriptive sheets, however unless the reference was selected as a

source of data, no citation is given on the descriptive sheet. The second is

an autor index to the bibliography.

;

r

2.6 Index

An index is included as an aid to the user. If, for some reason, the

information on property cannot be located in section A via the table of

contents, the index should be consulted.

:

3. Computer Programs and Extrapolation

In many instances a computer program is a convenient source of property

data. In other instances, particularily where a large number of values are

needed in a short time, a computer program to furnish these values is a

necessity. For these and other reasons, the use of computer programs to

furnish fluid property data has steadily increased in recent years. This

increased usage has resulted in a variety of computer programs. At the

present time there does not seem to be a single program which will satisfy

every need and a choice must often be made on the basis of the particular

job requirements. Table 1 gives a list of the more important fluid

property programs for hydrogen and some of the pertinent information

needed to select the proper program for a particular job. A column by column

description of table 1 is given below.

Column 1 lists four general methods used to computerize the thermodynamic

properties of fluids. The linear interpolation method is as the name

5
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implies an interpolation on a table of property values stored in the com-

puter. This method is fast but not very accurate and requires more com-

puter core storage than the other methods. The most accurate method, if

programmed properly, is the polynomial interpolation method. The

disadvantages of the polynomial method are a lack of versatility and

the computations are slow relative to the other methods.

A good compromise and a widely used method is the equation

of state approach using a modified Benedict Webb Rubin (MBWR)

equation. This method offers accuracies only slightly worse than

the polynomial interpolation method and has the advantage of being

faster, more versatile, and gives a continuous, thermodynamically

consistent surface. The main disadvantage of the MBWR is that

it is functionally incorrect in the critical region, i.e.,

= + 5%P Pc ± 20% Pc and T = T c _ .

The nonanalytic equation of state approach (no programs

using this method are listed in table i) does give theoretically

correct results in the critical region but these equations

usually are difficult to use.

2. The range of validity of a program is given in terms of pressure

and temperature limits. Extrapolation of these programs beyond

the stated limits is not recommended. If properties are needed

beyond the stated range of validity, the list of references for

that property in section A should first be scanned as references

to properties at extreme temperatures and pressures have been

noted there. If extrapolation of one of the programs is necessary,

the modified BWR type is the most convenient and least likely to

yield large errors.

f
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3.

P

T

P

H

s

The symbols used in column 3 of table 1 are defined as follows:

= pressure

= temperature

= density

= enthalpy

= entropy

1 = thermal conductivity

n = viscosity

Cp = specific heat capacity at constant pressure

c v = specific heat capacity at constant volume

e = dielectric constant

y = surface tension

RI = refractive index

w = speed of sound

The units of the properties vary from program to program.

4. The accuracy of the properties calculated from these programs

varies from property to property within a given program. The

accuracies quoted in the table are for densities calculated from

a P-T input. Since they are an estimate of the average accuracies,

they are most useful as a basis of comparison with the other programs.

5. This column is self explanatory. Copies of the program or use

of the program may be had by contacting the agency listed.

6. For certain applications the mathematical continuity of the

properties is important. In other words the numbers coming from

the program must not contain abrupt changes in the property or

derivatives. Such requirements often occur in iterative calculations.

If this column has a "No" in it, discontinuities may be expected.

7. The modification refers to the relative orientation of the nuclear

spin of the two hydrogen atoms in the molecule. See the explanation

in section A under ortho-para modifications.

L
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8. The input to the various programs is given in this column. The

units of both input and output of the programs are not mentioned

because in some cases there is available a choice of units and in

most cases the user converts the units to suit his particular need.

An explanation of the input and output is furnished when the program

is requested.

4. Evaluation of the Literature

r

The preparation of this review involved the evaluation of each

reference to hydrogen data found in the literature.

The Cryogenic Data Center's storage and retrieval system was quiered

for references pertaining to the physical properties of hydrogen (chemical

properties excluded), this search yielded 2543 references. The resulting

bibliography from the Cryogenic Data Center was further crossreferenced

by property which greatly aided the evaluation process.

In many cases preliminary examination of the bibliography for a given

property would be sufficient to determine whether or not an article should

be included in the final evaluation process a copy of each remaining

article was then obtained and evaluation was then made on the basis of

content of the article.

[i"

4.1 Critical Selection of "Best Values"

When selecting so called "best values" many factors must be taken

into consideration. The first tendency is to equate "best" with most

accurate, and indeed in some cases this is true, but in other cases it is

not. For example, in many engineering problems, a continuous and thermo-

dynamically consistent set of properties is of utmost importance. This

is not to say that accuracy is not important and in the selection process,

both factors were considered. Selections were made to provide the

9
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most accurate, and consistent set of properties over the widest possible

range of pressure and temperature.

In that regard, the tables in sections C-2 and C-5 are thermodynamically

consistent and mathematically continuous.

The properties tabulated in sections C-2"and C-5 were calculated by

means of a computer program (see section 3) which is available from the

Cryogenic Data Center.
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6. Appendices

6.1 AppendixI, Bibliography of References

Presentedin this appendixare the references which were considered as

sources of data for this volume. The references appear in the text or on

the descriptive sheets of Section A in either a listing of sources selected

or in a section of sources not used. The bibliography is arranged by the

accession numbers of the Cryogenic Data Center. In the column headed "authors"

the first author is listed. Additional authors, if any, for a given paper are

indicated by "et al." Citations for formal publications follow conventional

format. Citations for reports or other less formal documents are as complete

as possible.
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NAGANIYA,_, ET AL

HOESSEN,C_.. ET AL

MILL_tR,L, ET AL

LACHOWICZ,S.K.

KORDES,E,

KOBEtK.A* ET AL

KNUDSEN,M.

KLEMENCICII,

KEYES,R.W,

KEYES,F,G,

KESTIH,J, ET AL

KEESON,N.M. ET AL
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PROD. ACAD. $CI, AMSTER6AM VOL 29, 36 (19265

VERHANDEL. KONINKL. VLAAM, ACAO, WETENSCHAP. BELG, KL WErENSCHAP. VOL 9, NO.

24, 7-78 (1947)

Z. ANORG. ALLGEM, CHEN, VOL, 106. 66-76 (1918)

NATURE VOL rE6, 399 (MAR |949)

NATURE VOL 167, NO. 42_71 47?-78 (MAR 1951)
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J, CHEM, PHYS. 2_ 157-63 (1939)

NAIL, BUR. STANOAROS TECtl. NOTE NO. 1ZOA (dUN 1962)
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PHYS. REV, VOL 45, 565 (1934)

PROC, ROY. SOC. (LONDON) VOL 70, W84-gl (1902)

CRYOGENICS VOL Z, NO_ 4, 210-11 (JUNE 1962)
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ANN. PHYSIK VOL q, kD_-_O_ (1931|
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OREGON UNIV,, EUGENE, PH,O. THESIS (19621
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Z, INSTRUMENTENK. VOL, W8, 257-84 (JUN 19281

ANN, PHYSIK VOL. 31 i09-Z8 (19Z9)
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PROC. ROY. SOC. (LONDON) VOL 81631 53-70 (19371

CZECHOSLOV, J. PHYS. VOL 9o 399-W00 (19591
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INTERN. CONGR. OF REFRIGERATIONt 11TH, MUNICH (AUG 19631

LOS ALAMOS SOl. LAB., NEW NEX., REPI. NO, LAMS-27E2 (NOV 1962)

INZHENER. FIZ, ZHUR. AKAO. NAUK DELORUS S.S,R. VOL, 4, NO. It 116-19 (1961)
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NATL. BUR. STANDARDS, CRYOGENIC ENG, LAB. NOTE NO. 63-9 (DEC 19631

PROC. CONF. THERMOOYN. TRANSPORT PROPERTIES FLUIDS, LONOON_ 19571 118-3Z

(1958)
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J. CNEM. PHYS. VOL 42, NO. 12_ 4152-58 (JUN 1965)

J. CHEM. PHYS., VOL 43, HOe 4, 1313-16 (AUG 1969)

J. CHEH. PHYS., VOL 431 NO. 41 137_-80 (AUG 1965)

PHYS. LETTERS, VOL 17, NO. 2t 129--'0 (JUL 1965)

BEN. DYNAHIC/FORT NORTH, TEX., REPT. NO. NL-TR-64-162 (MAR 1969)

ZH* FIZ. KHIH. VOL 15, NO. 31 418-15 (19_1)

PHYS. REV. VOL 7, 413-14 (19161

CAN. J. RESEARCH VOL 22, 57"62 (1935)

ACTA PHYSICOCHIH, U*R.S.S. VOL 141 NO* 31 365-70 (1941)

ROCKETOYNE, CANOGA PARKs CALIF., REPT_ NO. NASA'CR-2k3 (JUN 1965)

LIHOE BER. TECHNIK. MISS. V OL LD, 10-23 (JUN 1965)

J. APPL. PHYS. VOL 35, NO. 9, 2781o82 (1964)

AIR PROOUCTS AND CHEHICALS IPAC., ALLENTOHNt PA., OUAR T* PROGR. REPT. NO. 2

(Jk)N 1965)

NATL. OUR. STANDARDS, CRYOGENICS OIV*s CRYOGENIC DATA NEHO, NO* E (JUL 196S)

U* S. BUR* NINES INTERNAL REPT* NO. 70 (FEB 1965)

OHIO STATE UNIV., COLUHBUS, PH* 0* THESIS (1954)

GOHHUN$. PHYS. LAB* UNIV. LEIDEN SUPPL. NO. Y08t 7"12 (TRANSe OF MI$* IN

NATUURK. TIJOSGHR* VOL S* 192* 1931)

ZNO* ENG. CHEM. VOL 35, NO* 2, 204-06 (FEB 1948)

NATL* BUR* STANOAROS TECH* NOTE NO. 322 (AUG |965)

NATL. BUR. STANOAROS TECH. NOTE NO* 323 (SEPT 1965)

CAN* d. CHEH* (NG, VOL 43* NO. 31 137-42 (1965)

J. CNEH. PHYS.w VOL 43, NO. St 1510-14 (SEPT 1965)

J. CHEH. PHYS. VOL 43, NO, S* IG22-26 (SEP 1965)

J. CHEH. PHYS. VOL 43, NO. St 1036-38 (SEP 1965)

J. CHEN, PHYS* VOL 421 NO. 111 3609-12 (JUN 1965)

INSTITUT LAGE TENPERATUREN EN TOEGEPASTE PHYSICA, LEUVEN, BELGIUN.

LABORATORIUH ¥OOR LAGE TENPERATUREN CRYOLA8 REPT* NO* 1 (SEP 1q65)

SOVIET PHYS. JETP VOL 21, NO. 1, 69-90 (JUL 190S) ZH. EKSPERIfl. I T[OR. FEZ.

VOL 40, 130-32 IJAN 1965)

COMPRESSED GAS ASSOC., INC., NEN YORK, PAMPHLET P-6 (1965)

ADVANCES IN CRYOG[NIC ENGINEERZNG VOLe 11. 202-6 (PROO* 1965 CRYOGEN|G END*

CONF.) PLENUM PRESS, I_C., NEN YORK (1966)

AOVANGES IN CRYOGENIC ENGINEERING VOL. 11o 261"71 (PROC, 1965 CRYOGENIC ENG*

CONF.) PLENUM PRESS, INC., NEMf YORK (1966)
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32278

32355

32356

32363

32373

32387

32_00

32k02

32k07

32k61

3267k

32686
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KLING.G.

STREICHtH.

KOEPPEtN.

VAN OAEL,W. ET AL

BOSONNORTHtO.R. ET AL

FOSTER,P.K. ET AL

CERNAH,E.A,

HILLIERtI.H. ET AL

CLOUTERtM. ET AL

HANRIN,C.E.eJR.

HUST,J.G. ET AL

TERRY,J.E.

STRAUB,D. ET AL

NCCARTYoR.D.

GOODHIN,R,B.

HILDEBRANO,J.H.

AYBER,R.

HEINRICHSeJ.

GOOOWIN,R.D,

KIN+SoK. ET AL

GORELIK,L.I. ET AL

LYCKMAN,E.W. ET AL

STEHART,J,W=

SHERIF,I,I,

NATHUR.G.P. ET AL

RAOeR.V.G.

LOS.J. ET AL

LENOIRIJ,M.

FRANCIStA.W.

STEPHENSON+N,E.

KEESON,N.H.

KEIL,T.H, ET AL

SWENSONtC.A.

STULLtO.Ro ET AL

NITTLENAUSERtH.N.

CRONIN.O.J.

FARNER,O.A. ET AL

SAXENA,S.C. ET AL

SLIEKER.C.J.G.

BARUA,A.K. ET AL

HERNANS,L.J.F.

SILVERBERGtP.N. ET AL

YOUNGLOVE,B°A.

HILLIER,I.H. ET AL

JENKINS,W.Io ET AL

KUOIAHtA. ET AL

TSEOERBERG,N°V. ET AL

KIN,S.K. ET AL

LOS,J. ET AL

CHEN,R.Y. ET AL

HECHT.G. ET AL

STIEL,L.I. ET AL

GLOERSEN,P. ET AL

TOHLE,L,Co

HASON,E°A. ET AL

CLOYO,O.R. ET AL

MENOHtP.G.

GUEVARA,F.A. ET AL

HOYLAOtJ.R.

NILLS,R.L. ET AL

BOSTANJOGLO,O.

#ILLIS,W.L.

ALOER,B.J. ET AL

PRIGOGINE,I. ET AL

BROKAHtR.S.

RUSSELL.J.L..JR. ET AL

HAROV,H,N.

NATIONAL BUREAU OF STANDARDS

TOUNGLOVEtB.A.

OILLERtO.E.

BEHILOGUA,L.

CANJARtL.N.

JANES,G.5.

BLACKMOREtO°R. ET AL

NYLIN+N.

COOK,G.R. ET AL

BEAUNE.R. ET AL

CHUBB.J.N° ET AL

CITATION

KALTETECHNIK ¥OL 17, NO, 6, 17_°80 (JUN 1965)

KALTETECHNIK VOL 17, NO. 6, 187-9_ (JUN 1965)

KALTETECHNIK VOL 17, NO. B, OK AROEITSBLATT _-19 (JUN 1925)

CRYOGENICS VOL 5. NO. _, 207-12 (AUG 1965)

CAN. J. PHYS. VOL k3, NO. 5. 729-50 (HAY 1965)

TRANS. MET. SOC. AIME VOL 233, NO. S, 1022"31 (1965)

NAVAL POSTGRAOUATE SCHOOL, MONTEREY, CALIF., MASTER THESIS (1963)

J* CHEM. PHYS. VOLkZ, NO. 10, 3_13-19 (NAY 1965)

PHYS. REV. LETTERS VOL 159 NO. 5, Z00-02 (AUG 1965)

NORTHWESTERN UNIV., EVANSTON, ILL., PH. 0. THESIS (196k)

NATL. BUR. STANDARDS, CRYOGENICS OIV.. CRYOGENIC DATA MEMO. NO. M-T (SEPT

1965)

REDSTONE 5CI. INFORM. CENTER. REDSTONE ARSENAL, ALA.. REPT. NO. RSIC-393 (MAR

1965)

KALTETECHNIK, TOt 17, NO. Z, 212-18 (JUL 1965)

NATL. BUR. 5TANOAROS. CRYOGENIC OIV.t REPT. NO. 8883 (SEPT 1965)

NATL. BUR. STANOAROS, CRYOGENIC DIV. LAB. NOTE NO. 65-2_ (OCT 1965)

SCIENCE VDL 150. NO, 3695. Wki-50 (OCT 1965)

KALTETECHNTK VOL 17, NO. 9. 276o81 (SEPT 1965)

PHYS. LETTERS VOL 18. NO. 3, 251-52 (SEPT 1965)

NATL. OUR. STANOARD5. CRYOGENICS OIV.. REPT. NO. 9100 (OCT 1965)

BROWN UNIV._ PROVIOENCE, R. Itt REPT. NO. BRN-13-P (SEPT 196_)

SOVIET PHYS. JETP VOL 21t NO. 2w 503-05 (AUG 1565) ZH. EXPERIH. I TEOR. FIT.

VOL _8+ 761-65 (FEB 1965)

CHEM. ENG. SCI. VOL 20. 685-91 (JUL 1965)

PHYSICS OF HIGH PRESSURES AND THE CONDENSED PHASE, CHART. 5, 189 2kO (i= VAN

ITTERBEEK. EO.) NORTH HOLLAND PUBL. CO., AMSTERBAH (1963)

APPL. SCI. RES. VOL A14, NO. _t 353 (196_-65)

A.I.CH.E. JOURNAL VOL tl. NO. _. 613-16 (JUL |965}

INDIAN J. PURE APPL. PHYS. TOE 3, NO. 71 233-35 (JUL 1965)

PHYSICA _OL 31. NO. 8, 13k6-56 (AUG 1965)

ILLINOIS UNIV., URBANA, PH. Oo THESIS (19_)

IND. ENG, CNEM. VOL kD, NO. 10, 1779-86 (OCT 1957)

ARGONNE NATIONAL LAB., ILL., REPT. NO. ANL-ZO0; (MAR 1965}

KONINKL. NED. AKAD. WETENSCHAP., PROC. VOL 15, k17-31 (OCT 1917| COMNUNS.

PHYS. LAB. UNIT, LEIDEN SUPPL. NO, 25 (1912)

PHYS* REYo VOL 1W0, NO* 3A, A906-t0 (NOV 1965)

SOLIO STATE PHYS. VOL 11, 61-13r (1960)

DON CHEM. CO., MIDLAND, MICH. (NAR 1955}

CRYOGENICS VOL k, NO. 6, 368-73 (19G_}

AN. J. PHYS° VOL 33. NO. 10. 835-k0 (OCT 1965)

LOS ALAMOS SCIENTIFIC LAB°, N. MEXo, REPI. NO. LA-3381 (1965)

REV. NOD. PHYS. VOL 37, NO. 2, 316-Z5 lAPP 1965)

PHYSICA VOL 31, NO. 9_ 1388-1_0_ (SEP 1965)

PHYSICA VOL 31, NO. 9, 1_1T (SEP 1965} ERRATA PHYSICA VOL 29, 1393 (1963)

PHYSICA VOL 31, NO. 10, 1567-7_ (OCT 1965)

J. CHEM. ENG. OATA VOL 10, NOB Wt 363-66 (OCT 1965)

J. ACOUST. SOC. AM. VOL 38. NO. 3. 333-8 (SEP tqGs)

J. CHEM. PHYS. VOL _3, NO. 10, 3705-13 (NOV 1965)

J. CHEM. PHYS. VOL 43, NO. 19+ 3721-27 (NOV 1965)

J. CHEM. PHYS. VOL 43. NO. 9. 3397-98 (NOV 1965)

TEPLOENERGETIKA VOL 12, NO. _, 8_-5 (APR 1965)

J. CHEN. PHYS. VOL _3. NO. 11, _166-69 (OEC 1965)

PHYSICA VOL 31, NO. 8, 13G6-56 (AUG 1965)

AUSTRALIAN J. CHEM. VOL 18, NO. 9, 1309-16 (SEP 1965)

CHEM. TECH. (BERLIN) VOL 17, NO. 9. 518-2k (SEP 1965)

A.I.CH.E. JOURNAL VOL 7, NO. _+ 611-15 (OEC 1981)

J. MOL. SPECTRY. VOL 16, NO 1. 191-20_ (1965)

PHYS. CHEW. SOLIDS VOL 66_ NO. 3, 659-63 (1965}

J. CHEM. PHYS. VOL k3, NO. 12+ _k58-63 (OEC 1965)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, WASHINGTON, O. C. SPEC. PUBL.

NO. SP-503Z (SEP 1965)

INDIAN J. PURE APPL° PHYS. VOL 3, NO. 9, 33_-36 (SEP 1965)

LOS ALAMOS SCI. LAB.. N. NEX._ REPT. NO. LA-3319 (JAN 1965)

J. CHEH. PHYS. VOL _1, NO. 10, 3153-58 (NOV 1969)

PHYS. REV. LFTTERS VOL 151 NO. 18, 722-_ (NOV 1965)

Z. PHYSIK VOL 187, NOS. k-5, _k-9 (t965)

NEW MEXICO UNIV., ALBUQUERQUEt MASTER THESIS (1965)

LAWRENCE RADIATION LAB., UNIT. OF CALIFORNIA. LIVERNOREt REPT. NO. 5_12-T

(NOV 1958)

BRUSSELS UNIT., BELGIUM, REPT. NO. EOAROCt TN-5_ P5 (19551

INTERN. J. ENG. SCI. VOL 3. 251-67 (AUG 1965}

GENERAL ATOMIC DIV., GENERAL DYNAMICS CORP., SAN DIEGO, CALIF., REPT. NO.

GA-6313 (APR 1965)

CAN° J. PHYS. VOL _q. NO. 1, 265-80 (JAN 1966)

NATIONAL BUREAU OF STANOAROS. WASHINGTON, O. C., REPT. NO. 8919 (JUL 1965}

PROCEEOINCS OF THE INTERN. CONF. ON LOH TEMPERATURE PHYSICS 9TH, PLENUM

PRESS, NEW YORK, N. Y. (1965)

PROCEEDINGS OF THE INTERN. CONF. ON LOW TEMPERATURE PHYSICS 9TH, PLENUN

PRESS, NEW YORK, N. Y. (1965)

NONATSBER, DEUT. AKAO. HISS. BERLIN VOL 61 NO, W, 301-5 (196W) TRANSL. BY

FORE IGN TECHNOLOGY OIV., NRIGHT-PATTERSON AFB, OHIO, TRANSL. NO.

FTO-TT-65-ZZ7 (JUN 1965)

HYDROCARBON PROCESS. PETROL. REFINER VOL kS_ NO. _. 161-6k (FER 1966)

AVCO-EVERETT RESEARCH LAB., EVERETT, MASS., RENT° NO. AMP-107 (HAY t963)

MANCHESTER COLL. OF SCIENCE AND TECHNOLOGY, ENGLAND, OEPT. OF CHEMISTRY,

REPT, NO. AFOSR 65-1239 (MAR 1965)

AEROJET-GENERAL CORP., SACRAMENTO_ CALIF., REPT. NO. IOEP 3_7. IO.OO.OO-A6-03

(OCT 196_)

AEROSPACE CORP., LOS ANGELES. CALIF, REPT. NO. ATN-63 (9218)-3 (AUG 1963)

J. PHYS. (PARIS) VOL 26, NO. 10. 597-608 (OCT 1965)

VACUUM VOL 15, NO. 10, _91-6 (OCT 1965)
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34613

3_656

35138

35Z53
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35400
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35k67

35500
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35559
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35645

35646

35653
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35756
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35809

35812
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36011

360Z3

36045
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3681q
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KLIPPING+G. ET AL

KLIPPINGtG. ET AL

EL-BANBI,H. EY AL

BLAGOItYU.P. ET AL

YOS.J.N.

OISHI,J.

CHERNYSHEV,A.K.

ELZINGAID.J. ET AL

VAN KRANENOONK+J. ET AL

STEHART+J.N.

CORRUOCINI.R.J.

DE PALNA+J.V. ET AL

PRIGOGINE,I. ET AL

BELLEHANS+Ao ET AL

SHERNAN+R.H. ET AL

BREBACH+W.J.tJR.

ORYER,R.F. ET AL

ALLIN.E.J. ET AL

BELONOGOV,A.V. ET AL

RAICH,J.C. ET AL

SOOTS+V. ET AL

GORDON,R.G. ET AL

SENGERS,J.V.

GARRtN.L. ET AL

EUCKEN,A.

GRIGOREV,V.N.

8(LL+R.J.

KIHARA,T.

GOZZIHI+4.

OLSZENSKI+K°

HENGEVOSS,J° EI AL

OLSZENSKItK.

NASON,E.A. ET AL

HHITEtD. ET AL

BIVEHS,D.B. ET AL

GOOONIN+R*O°

LIANG,SoC.

HEYNAHNtO. ET AL

SRZVASTAVA,B.N. EI AL

OEUTDH,J.M. ET AL

GLAOUN,A.

ACKERET,J.

FISHERmH.E.

PERRETT,R.H.

KISELEVtYU.Vo ET AL

5INELNIKOVAtL.G. ET AL

OILLERtO.E. ET AL

ANORUSSOMtL.

NCCARTY+K.P. ET AL

SAXENAIS.C. ET AL

NURPHEYtBoFo

STENART,E.S.

VAN ITTERBEEK,A. ET AL

NILLERtL. ET AL

EBERHART.J.G.

VAN_NBOON,J.L.

CURZON,A.E. ET AL

5TECKELtF.A. ET AL

HATA+No ET AL

OSBORNE_A.

HARRIStA,B. ET AL

SAXENA+S.C. ET At

NILLER_C.E. (T AL

RAMUKA,A.C. ET AL

8LOOHERtO.T.

STOICNEFF,B.P.

5PENGER-GREGORY+H. ET AL

MRIGHT,E.R. ET AL

PELSTEINER+J.

5AXENAtS.C. ET AL

BENNETT,N.Jo ET AL

HERCUStE°O. ET AL

ROYtA*S. ET AL

5UTHERLAHD,N.

STRICKLER+M°S.

VAN OAELtW. ET AL

VERBEKE,O.

VAN DAEL+W° ET AL

OKSENGORH+B° ET AL

CITATION

K&LTETECHNIK VOL 17+ NO. 12+ 382-64 (DEC 1965)

CORRECTION IN KALTETECHNIK VOL 18. NO. 2, 76 (FED 1966) KALTETFCHNIK VOL 17,

NO. 12, _01 (DEC 1965)

TEXAS A AND M UNIV.+ COLLEGE STATION+ UNPUBLISHEO MANUSCRIPT NS 65-365 (1965)

ZH. EKSPERIH. I TEOR. FIZ. VOL ;9. NO. 51 1_53-6 (NOV 1965) It, FIG 1 TAD 7

REF SOVIET PHYS. JETP VOL. 226 NO. 5,, 999-1081 (MAY 1966)

AVCO CORP., WILMINGTON, OEL.t REPT. NO. RAD-TM-63-7 (MAR 1963)

BULL, INST. PHYS. CHEH. RESEARCH (TOKYO) VOL 166 Z_11-57 (1937)

GAZ. PROH. VOL 106 NO. 10, 52-3 (1965)

CAN. J. CHEM. ENG. VOL _, NO° 1, 30-_Z (FEB 1966)

CAN. J. PHYS. VOL (*k, NO. Z, 313-35 (FEB 1966)

PROCEEDINGS OF THE INTERN° CONF. ON LOW TEMPERATURE PHYSICS qTH, PLENUM

PRESS, NEN YORK, N. Y. (1965)

IIR-CRTBT MEETING, GRENOBLE, FRANCE (JUN 8-11, 1965)

J. CHEM. ENG. DATA VOL 116 NO. 1. 31-37 (JAN 1966)

INTERSCIENCE PUBLISHERS, INC., NEW YORK, N. Y. (1957)

J. CHEM. PHYS. VOL _k+ HOD 2, 83_-35 (JAN 1966)

PHYS. REV. LETTERS VOL 156 NO. 1. 9-11 (JUL 1965)

NORTHNESTERN UNIV., EVANSTON, ILL., MASTER THESIS (HAY 1957)

L1NOE CO.t TONAWANOA, N* Y°+ R[PT. NO. AFAPL -TR-65-82 (OCT 1965)

J. PHYS. (PARIS) VOL 26, NO. 11, 615-20 (NOV 1965)

CRYOGENICS VOL 5+ NO. 61 315-19 (DEC |965) ALSO IN PRIBORY TEKHN. EKSPERIN.

NO. 3. 188 (19651

PHYS. f_EV. LETTERS VOL 16, NO. 5. 173-75 (JAN 1966)

CAN. J. PHYS. VOL 43. I985-95 (NOV 196S)

J. CHEf). PHYS. VOL _k, NO° 31 1190-95 (FEB 196E)

INTERN. J. HEAT MASS TRANSFER VOL B, NO. 8t 1t03-16 (1965)

CHEM. ENG. PROG. SYflP.I SER. VOL Slg NO. 16+ 91-99 (1955)

CHEMIE VOL 55, 163-72 41942)

AKAOEMIYA NAUK USSR FIZIKO-TEKHNICHESKII INST. KHARKOV PH. O. THESIS (1963)

PROD. PHYS. SOC. (LONDON) VOL 86, NO. 5k9_ 1T-Z3 (1965)

REV. HOD. PHYS. TOE 27, NO. _t ;12-23 (OCT 1955)

NUOVO CINENTO VOL 8, NO. 6, 361-0 (1951)

ROZPRAHY AKADEHI] UMIEJETNOSCI NYOZIAL HATEHATYCZNO-PRZYROO- NICZY VOL 23,

385-9 (1891)

Z. NATURFORSCH. VOL 1ZA, 935-36 (196?}

ROZPRAWY AKADEHII UNIEJETNOSOI WYOZIAL HAT_MATYCZNO-PRZYROO- NICZY VOL Zg,

_0_-12 (1895)

PHYS. FLUID$ VOL 01 NO. ?, 1240-3 (1965)

CRYOGENIC LAB., OHIO STATE UNIV. RESEARCH FOUNDATION+ COLUHBUS, REPT. NO.

TRZ64"26 (NOV 1953)

GEORGIA INST. OF TECH.. ATLANTA, SEHIANNUAL TECH. REPT. NO. k (JAN 1965)

NATIONAL BUREAU OF STANDARDS, BOULDER+ COLO., CRYOGENICS OIV., LAB. NOTE NO.

66-2 (APR 1966)

J. APPL. PHYS. TOE 22. NO. _', 1q. 8-53 (FED 1951)

PHYSICA VOL 251 556-68 (1959)

PROD. PHYS. SOC. {LONDON) VOL 66A, 278-85 (1553)

J. CHEM. PHYS. VDL kk, NO. 6, 2_T0-76 (MAR 1966)

CRYOGENICS VOL 6, NO. 1, 31-3 (FEB 1966)

J. AEROSPACE SCI. VOL 28, NO. 2, 81-95 {FEB 1961)

PHYS. REV. LETTERS VOL 16, NO. 1, 11"1k (JAN 1966)

ANAL. CHEM. VOL 37, NO. 11, 1346-48 11965)

PROBOI OIELEKTRIKOV I POLUPROVODNIKOV 72-75 (tqBk)

PROBOI OIELEKTRIKOV I POLUPROVODNIKOVt 63-69 (1964)

J. CHEf). PHYS. VOL 4_,, NO* 7, 2604-09 (APR 1966)

PROGRESS IN INTERN RESEARCH ON THERNODYNAflIC AND TRANSPORT PROPERTIES+

ACADEMIC PRESS, NEW YORK (1q62)

PHYS. FLUIDS VOL 3, NO. 6* 908-22 (NOV-DEC 1960)

J. CHEW. PHYS, VOL 35, NO. 6. 2107-13 (DEC 1961)

PHYS. REV. VOL 72, NO. 9t 83_-7 (NOV 1947)

PHYS. REV. VOL 6g, NOS. 11-12, 632-_0 (JUN 15_6)

PHYSICA VOL 13, NO. 4-5, 231-9 (NAY 1945}

PHYS. FLUIOS VOL 9. NO. W, 711-21 (ARM 1966)

d. PHYS. CHEM. VOL 70, NO. _, 1183-6 (APR 1966}

KANSAS UNIV., LAWRENCE. PH.D. THESIS (1964)

BRIT. J. APPL. PHYS. VOL 16. 1301-9 (SEP 1965)

ZH. KHIM. PRON. VOL 16, 24-8 {193q)

CAN° J. OHEMo VOL k6, NO. _+ 869-76 (APR 1966)

A.I.CN.E. JOURNAL VOL 1_, NO. Z, 37_-84 (MAR 1966)

PHYS. REV. LETTERS VOL 16, NO° 19, BkS-8 (NAY 1966)

REV. flOD. PHYS. VOL 38, NO. Z, 380-90 (APR 1966)

PNY$ICA VOL 32, NO. 2, Z4&-51 (FED 1966)

CHEM. ENG. PROGR. 5YMP. SER. VOL 62, NO. 61, 219o24 (1966)

ILLINOIS INST. OF TECH.t CHICAGO+ PH.D. THESIS (FEB 19531

CAN. J. PHYS. VOL 35+ NO. 6, _30-_1 (JUN 1957)

PHIL. HAG. VOL 25+ NO. 166, lZB-_T {JAN 1938)

NAVAL AIR ENGINEERING CENTER, PHILADELPHIA, PA.t AERONAUTICAL _ATERIALS LAB.+

REPT. NO. NAEC-AML-2106 (DEC 196_)

PHYS. REV. LETTERS VOL 15, NO. 26. 1025-? (DEC 1565)

INDIAN J. PHYS. VOL 36, 13-Z_ (1962)

TRANS. FARADAY SOC. VOL 55. 185-92 (1951)

PHIL. HAG. VOL 3, 1061-4 11927)

PROD. ROY. SOD. (LONOON) VOL A1_9, 511-2Z (1035)

PHIL. flAG. VOL 36, 507-31 (18q3)

J. CHEM. PHYS. VOL 1_, ;27-8 (1949)

PHYSICA VOL 32, NO. 3, 611-20 (MAR 1966)

PHYSICS OF HIGH PRESSURES AND THE CONDENSED PHASE, 98-1881 JOHN WILEY AND

SONS+ INC., NEW YORK (196_)

PHYSICS OF HIGH PRESSURES AND THE CONDENSEO PHASE, JOHN WILEY AND SONS, INC.+

NEH YORK_ N* V. (lqES)

PHYSICS OF HIGH PRESSURES AND THE CONDENSED PHASE, JOHN WILEY AHO SONS+ INC.,

NEW YORK, N. Y. {1965)
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CHIU,CHEN-HWA ET AL
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WHITEtD. ET AL
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BLACKHAN,H. ET AL

GRENtK.E.

NALDHANN,L.
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BARRETT,C.S. ET AL

OHYER,R.F. ET AL

HAMRINtC,E,,JR. ET AL
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RAJA GOPALtE.S°

CLARK,R,G. ET AL
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HEATH,M.R, ET AL
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GUNN,R°D. ET AL
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CITATION

PHYSICS OF HIGH PRESSURES AND THE CONDENSED PHASE, JOHN WILEY AND SONS, INC._

NEW YORK, N. Y. (1965)

J. SPACECRAFT + RDCK[I_ VOL 3, NO, 5, 7_7-50 (MAY 1966)

CRYOGENIC ENGINEERING CONF. 12TH, BODY. OAR, COLD° (JUN 13-15, 1966)

NOL, PHYS. VOL 10, NO. _, h27-35 (MAY 1966)

PROCEEDINGS OF THE INTERN. CONF. ON LOW TEMPERATURE PHYSICS 9TH, PLENUM

PRESS, NEW YORK (1965)
LOS ALAHOS SCIENTIFIC LA_., N. HEX. REPT. NO. LA-336k (NOV 1965)

LOS ALAHOS SCIEHT[FIC LAB,, H. MEX._ REPT. NO. LA-3WOS-HS (OCT 1965)
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HIGH TEMP. ?16-23 (19_5)
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J. CMEM. PHYS, VOL HA, NO. 8, 2839-W3 (APR 1966)

J, CHEM. PHYS, VOL 4_, N_;. 8, 28_3-9 (APR 1966)

J. CHEM. PHYS. VCL ha, NO. 8, 3137-8 (APR I966)

PROCEEDINGS OF THE INTERN. CONF. ON LOW TEMPERATURE PHYSICS 9TH, PT. B,

PLENUM PRESS, NEW YORK (19fi5_

PROCEEDINGS OF THE INTER),. CONF. ON LOW TEMPERATURE PHYSICS 9TH* PT. B,

PLENUM PRESS, NEW YOR_ (1_65)

PROCEEDINGS OF THE IhTERN. CONF. ON LOW TEMPERATURE PHYSICS qTH, PT. B,

PLENUM PRESS, NEW YOR_ (lgb5)

PROCEEDINGS OF THE INTEQN. CONF. ON LOW TEMPERATURE PHYSICS 9TH, PT. B,

PLENUM PRESS, NEW YORK (1965)

PROCEEDINGS DF IHI INTERN. CONF. ON LOW TEMPERATURE PHYSICS gEM, PT. B,

PLENUM PRESS, NEW YORK ()_b_

PROCEEDINGS OF THE INIERN. CONF. ON LOW TEMPERATURE PHYSICS 9TH, PT. Bt

PLENUM PRESS, NEW YORK (1965l

CRYOGENIC ENG. C_NF., HOIjSTOh, TEX* (AUG 23-25, 1965)

PHYSICA VOL 3_t NO. 5, _18-3_ (MAY 1966)

J, CHEM. PHYS. VOL W_, N_. _1, H360-I IJUN 1966)

J, APPL. PHYS. VOL 31, NO, 6, 2_6-2508 (MAY 1966)

OHIO SIAIE UNIV., COLuHBUS, PH.D. THESIS (1964)

SOVIET PHYS, TECH. PHYS, VOL I_, NO. 11, 1623-7 (MAY 1966)

SOVIET PHYS. SOLID STAT_ _OL 7, NO. 11, 2779-80 (HAY 1966)

MIDWEST RESEARCH INST., KANSAS CITY, HO., FINAL REPT. AFOSR 66- 0W11 (OEC

1965)

TEPLOFIZ. I TEPLDTEKHN., 258-63 (196W)

KALTETECHNIK VOL 18, NO. 7, DKV ARBEITSBLATT 1-72 (JUL 1966)

NATIONAL BUREAU OF STANDARDS, BOULDER_ COLO°, TECH, NOTE 3k3 (JUN 1966)

PHYS. REV. VOL 1k7, NO. 2, 6W4-57 (JUL 1966)

PHYSICA VOL 32, NO. 6, 1001-18 (JUN 19661

PHYSICA VOL 32, NO. 6, 1033-_7 (JUN 1966}

NIPPON KAGAKU ZASSHI VOL 6L, 12W3-8 (19k1)

TECHNISCHE HOGESCHOOL, OELFT, NETHERLANDS, PH. D. THESIS (196_)

COHPT. RENO, VCL 91, 425-3_ (1880)

PROCEEDINGS OF THE INTERt_. CONF. ON LOW TEMPERATURE PHYSICS 7TH_ TORONTO

UNI@. PRESS, CANADA (1951)

PROD. PHYS. SOD. (LONDON) #OL 87, NO, 556, 988-9 (FEB 1966)

PROD. ROY. SOD. (LONDON) VOL A178, 390-9 (19k1)

Z. PHYSIK VDL 124, 2-29 ()9_7)

BULk, lIP ANNEXE 1965-2, PP I_g-29 (MEETING OF COMMISSION 1, GRENOBLE,

FRANCE, JUN 8-L|, IR6S)

DUKE UNIV., DURHAM, N. C. DEPT, OF PHYSICS, STATUS REPT. (MAR 1966)

AIR FORCE AERO PROPULSION LAB., WRIGHT-PATTERSON AFBt OHIO, REPT. NO.

AFAPL-TR-66-15 (APR 1966)

J, CHEH, PHYS. VDL _, N_. 3, 83k-7 (AUG 1966)

d. CHEH. ENG, OATA VOL it, NO. 3, 351-3 (JUL 1966)

J. CHEM. ENG. DATA VOL 11, NO. 3, 389-92 (JUL 1966)

ATLANTIC RESEARC)_ CORP., ALEXANDRIA, VA., FINAL SUMMARY REPT. (DEC 196W)

LATTICE DYNAMICS, PERGAMON PRESS, NEW YORK, N. Y. (1965}

PHYS. REV, VDL 149, NO. I_ 118-22 (_EP 1966)

A.I.CN.E, J. VOL 12, NO. 3, k68-95 (HAY 1966)

AEROJET-GENERAL CORP., AZUSA, CALIF., ASTRIONICS DIV., REPT. NO. 2918,

NASA-DR-/S/68 (NOV 1965)

PLENUM PRESS, NEW YORK, N. Y. (1966)

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA°, _J_PT, NO. AFNL-TR-B@-136

(NAY 1966)

BOEING CO., SEATTLE, WASH., REPT. NO, D2-3613;-I (MAY 1965)

PROD, ROY. SOD. LONDON VOL. 8178, 380-9 (19W1)

J. PHYS. (PARIS) VOL. 7, NO. 5, 129-_ (1917)

Z. PHYSIK VOL. 12W, 30-51 (IVW?)

KOGYO KAGAKU ZASSHI VDL. 69, NO. _, 176-8 (FEB 1966)

A.I.CH.E. J. VOL. 12, NO. 5, 937-_1 (SEP 1966)

CRYOGENICS VOL, 6, NO. _, 216-21 (AUG 1966)

DOUGLAS AIRCRAFT CO., INC., SANTA NONICA, CALIF. MISSILE AND SPACE SYSTEMS

OIV,, HANDBOOK (OCT 1965)

UKR. FIE. ZH. VOL 11, NO, 5, k97-501 (1966) TRANSL. BY NATIONAL AERONAUTICS

AND SPADE ADHINISIRATION, WASHINGTON, D, C. TRANSL. NO.TT-F-106O_ (OEC 1967)

APPL, OPT. VOL 5, NO. 3, _73-7_ (MAR 1966)

J. CHIH. PHYS. VOL. 63, NO. 5. 776-9 (1966)

LOCKHEED MISSILES ANO SPACE O0., SUNNYVALE, CALIF., REPT. NO, LRSC-LS-1 {NAY

1963)

J. CHEM. PHYS, VOL. _5, NO. 8, 3051-8 (OCT 1966)

KALIETECMNICK VOL. 18, NO, 1O, 383-7 (OCT 1966)

KALTETECHNIK VOL. 18, NO. 10, 388-90 (OCT 1966)

NATIONAL BUREAU OF STANOAROS, BOULOER_ COLO., CRYOGENICS OIV., LAB. NOTE NO.

66-8 (OCT 1966)
NATIONAL BUREAU OF STANDARD_, BOULDER, COLO., REPT. NO. 9263 (NOV 1966}

J. PHYS. CHEM. VOL. 70, NO. 11, 3681-7 (NOV 1966)

COLORADO UNIV., BOULDER, QUART. RROGR. REPT° NO° Z (JUL 1966)
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LORENZ,L.
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CRUICKSHANK_A,J.B. ET AL

KESSELNAN,P.N.

FLETCHER,Jo ET AL
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JAIN,D.C. ET AL

SARANtA. ET AL

GREN, K.Eo ET AL

MALDNANN,L.

NASON,E.A. ET AL

BIXLERtO.N. ET AL

KNAAPtH.F.P. ET AL

GUNN, R.O. ET AL

CRYOGENIC ENGINEERING NEWS

CONNOLLY.J.F. ET AL

KAPLAN,R.

ROSENBAUN,B.N° ET AL

NANNtJ°B. ET AL

OYNONO.J. ET AL

CONNOLLYtJ.F.

NETZGERID.S.

VERBEKEtO.

NEISSNAN,S. ET AL

RONTGEN,M.C.

NASON,E.A. ET AL

PAOLUZI,G.

GARBO+R.

NISRA+S.C.

ZINKtH.

EOER+O.J. ET AL
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KNOXeB.P. ET AL

KNOX,B.P. ET AL

SAXENA+S.G. ET AL
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HANNEL,E.E. ET AL

BARRICK+P.L. (T AL

GOODNIN.R.D.

CITATION

TR. VSES. NAUCHN. ISSLED. INST. KISLOROON. NASNINOSTR., NO, 10, 163-83 (1965)

SOVIEI PHYS,-SOLIO STATE VOL. 8, NO. 3, 688-90 (SAP 1966)

LAWRENCE RADIATION LABORATORY, UNIV. OP CALIFORNIA, BERKELEY+ REPT. NO,

UCRL-16_07 (SAP 196S)

UNITED AIRCRAFT CORP. RESEARCH LABS°+ EAST HARTFORD+ CONN., RAPT° NO,

NASA-SP-3005 (1963)

JEIP LETTERS VOL° Z, NO. 12+ 3_g-$1 (DEC 1965)

INDIAN J. TECHNOL. VOL. W, NO. 8+ 189-91 (JUN 1966)

Z. PHYSIK. CHEM. (FRANKFURT) VOL. 50+ NO. 3/4+ 219-21 (AUG 1966)
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NAIL. A_AD. SCI. - NATL. RES. COUNCIL+ PUBL. NO, 1356, 20-3 (196G)
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BRIT, J. APPL. PHYS, VOL lS, 843-49 (JUL 1464)

Z. NATURFORSCH. VOL tEA, NO, 2, 133-_N (1961)

PHYSICA VOL ZO, 18S-9B (1954)
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REV. GEN. THERMIQUE VOL 5+ NO. 50, 125-37 (FEB 19G6)
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ANN. CHIN. PHYS. VOL 7, 289-348 (tDgG)
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d. AN. CHEM. SOD. VOL BO, IOSO-k 41958)

INDIAN J. TECHNOL. VOL kv NO, 3+ 7Z-k (NAR 1956)

Jo PHYS. $DC. JAPAN VOL 21, NO. 11, 2132-9 (NOV 1966)

ADVANCES IN CRYOGENIC ENGINEERING VOL 11_ 196-201 (PROC° 1965 CRYOGENIC ENG.

CONE,) PLENUM PRESS+ INC.+ NEW YORK (1B66)

EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT. WALTHAM ABBEY ENGLANO_

RAPT. NO. ERDE-20/R/65 (DEC 1965)

J. CHEM. PHYS. VOL MS, HO. 11+ WZ67-73 (DEC 19_6)

ERRATUM PHYS. REV. VOL 163, NO, 1+ 20S-6 (NOV IqGz) PHYS. REV. VOL 152+ NO.
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NATIONAL BUREAU OF STANDARDS, WASHINGTON, O. C., RAPT. NO. 9389 IJUL 19_6l

COLORADO UNIV.+ BOULDER+ QUART. PROGR REPT. NO. 3 (OCT 1966)

HONATSBER. DEUT. AKAO. MISS, BERLIN VOL 8+ NO. 1. 12-5 (196_)

TRANS. FARADAY SOC. VOL 6_+ PT. 91 NOt SZ51 Z3_1-? (SEP 1966)

HIGH TEMP. VOL Z, NO, 6, 791-5 (NOV-OEC 1966)

AUSTRALIAN J. PHYS. VOL 19. NO. 5+ 615-Z6 (1966)

PROC. PHY5. SOD. (LONDON) VOL Bg+ NO. 565, 753-64 (NOV 1966)

PROD. PHYS. SOD. (LONDON) VOL D9+ NO. $64+ k09-13 (OCT 1966)

CAN. J. PHYS. VOL 43. NO. 12, 2374-6 (196S)
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J. CHEM. PHYS. VOL ZZ, NO, 3, 522-35 (MAR 19_k)
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CHEM. ENGR. PROGR. SYMP. THERMODYNAMICS BER° NO+ qA+ VOL 59, B-1 (lgbS)
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J. CHEN. PHYS. VOL 37_ NO. 6. 1289-300 (SEP 1962)

POGG. ANN. VOt l_B, 580-62W 41873)

J. CNEM. PHYS. VOL 36+ NO. 10+ Z746-$7 (NAY 1962)

CHIN. INO. (MILAN) VOL _8, NO. 11. 1177-9 (NOV 1966)

AFINIOAO VOL 23, NO. 245, _OS-D (SEP-OCT 1966)

INDIAN J. PHYS. VOL NO, NO. k+ 1S7-62 (1966)

DULL. SOC. 8_LGE PHYS.+ NO. Z, 78-61 (1964)

PROC. PHYS. SDC. (LONDON) VOL 89, PT. _, NO. 566. S33-44 (DEC 19B6)

GEORGIA INST. OF TECH., ATLANTA. ENGINEERING EXPERINENT STATION FINAL TECH.

REPT. NU° NASA-CR-78022 (JUL 1966)

CORNELL UNIV.. ITHACA, N. Y.+ PH. 0. THESIS (lqBS)

BELL AEROSYSTEHS CO., BUFFALO, N, Y._ REPT. NO. 8173-90200D'VOL" 5-PT-A (AUG

1964)
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flUL. PHYS. VOL 21 3?9-96 (1954)

BUREAU OF NINES, AMARILLO, TAX. HELIUN RESEARCH CENTER+ INFORH. CIRC. NO.
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CONNUN. PHYS. LAB. UNIV. LEIOEN SUPPL. NO. 23 (191Z)

J. PHYS. CHE_. VOL 36t 1143-$1 (193E)

LEIDEN UNIV.+ NETHERLANDS+ PN. D* THESIS (SAP 196S)

NATURAL GAS PROCESSORS SUPPLIERS ASSOCIATION, TULSA_ OKLA. 11966)

MARKS MECHANICAL ENGINEERS NANOBOOKt MCGRAW HILL, NEW YORK (N.D.)
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43092

_309_

_3096

43099

43101

b3107

k3123

431S6

4317_

43194

43199

43Z00

43261

43270

43Z9k

_3297

43353

k3369

43407

43413

k350k

4353R

4355?

43582

_36Be

43735

438?2

43883

439_3

4396_

43965

_4063

44084

_4085

_223

4kZ29

44430

4h439

446Z2

44677

_4758

_4771

44?76

4_818

_4899

44913

44920

4N966

45016

k5032

45041

k5050

_5065

_5t77

_517B

45223

_52k_

_5253

_525_

45295

6.Z APPENDIX 2, BIBLIOGRAPHY OF REFERENCES

(CONTINUED)

AUTHOR

BOYO.W,K, ET AL

TRAUTZ,N, ET AL

NICHELS.A, ET &L

8ARRICK,P.L. ET AL

RASTOGI,R.P. ET AL

STEPHENS,J.R. ET AL

ISRAEL,S,L, ET AL

TMURSTON,R,S.

HARASIMA,A.

THOMPSON,W.R* ET AL

BOLSHAKOV,P,E. ET AL

AYBER,R.

KOLOS,N. ET AL

ISRAEL,S.L. ET AL

TER HARMSEL,N. ET AL

SCHUIL.A.E.

ZIEGLER,W.T.

YEN,KIA-LOK

ONNES,H,K. ET AL

VOLKER,E.

DLANCHARD.M,S, ET AL

IRAUIZ,M. ET AL

NAXWELL,J,C.

GIBSOM.L,A. ET AL

KNOESTER,M. ET AL

GLARK,A.L. ET AL

BRYANT,W.M,D.

LUSSANA,S,

BEATTIE,J.A. ET AL

HOFHANN,A.

CARBONELL,Eo

JARVIS,J. ET AL

ORCUTT,R.H. ET AL

KEESOW,W.H. ET AL

BOYO,B.E. ET AL

COLE.R.K,,JR,

GUPTA.G.P, EI AL

BOSTANJOGLO,O, ET AL

LOTZ,H.

GELPERIN. I.I. EI AL

BREZING,O.

SATTAR,A.

TIMROT,D*L. ET AL

ELLIS,C.P.

MENABDE,N.E.

ODEN,L. EI AL

LEITES,I,L. ET AL

WIESE,W.L, ET AL

TERRIEN,J. ET AL

DAVIES_D.B. ET AL

THURSTON,R.S.

FORBES,F,S,

PIERCE,B,L*

GOODWIN,R.D.

RICCI.F.P.

VAN DE REE,J. ET AL

OE@ARAJ.N.

OYHOND,J.M.

GRIER,N.T.

BAZAROV.I.P.

DRANE.A.

BOLSHAKOV,P.E. ET AL

TAPPER_R.J.

VDOARtB. ET AL

EUCKEN,A*

8EECK,O.

JONES,I.N,

PiOOI REDOYsS. ET AL

NELLEMANS,R,

OEB,S.K. ET AL

HIZA,N.J. Er AL

TRINBLE_G,D. ET AL

FEBER,R.C. ET AL

DAVISON,W,O.

JONES,P.M,S, ET AL

CITATION

NOTE NO, 60-13 (OCT 1960)

DEFENSE METALS INFORMATION CENTER, COLUMBUS, OHIO, OMIC HEHO, NO. 201 (JAN

1965)

ANN. PHYSIK VOL 20, 171-_ (193_)

PHYSICA VOL B. NO. 4, 3_7-_7 (APR IBht)

COLORADO UNIV., BOULDER, QUART, PROGR. REPT. NO, W (JAN 1967)

TRANS. FARADAY SDC. VOL _2, NO. S28, PT. 12, 3325-$0 (DEC 29_61

LEWIS RESEARCH CENTER, NATIONAL AEROhAUTICS AND SPACE AOHINISTRA TION_

CLEVELAND, OF)O, TECH. N3TE NO. D-3_ (AUG ]466)

UNITED NUCLEAR CORP., WHITF PLAINS, N.Y., OEVELOPHENT Of#., FINAL HEFT, NO.

NASA-CR-lB]67. UNC-SOB? (AOR IBEW)

LOS ALAMOS SCIENTIFIC LAB., _. MEX,. REPT. NO. LA-_Sh3 (t966)

J. PHYS, S_C, JAPAN VDL Z?, _O, I, ]_k (JAN 1467)

AEROJET-GENERAL CORP,, AZUSA, CALIF,, REPT. NO, I_2, AFFTC-TR- 61-52 (JUL

1960)

ZH, FIE. KHIM. VDL _0, NO. &, Iqtk-ID (1966)

VDI (VER. DEUT. INCR.) -FORSCHLJNGS_,_ NO. 511 (19ES)

J. CHEM, PHYS. VOL 4_ NO. _, I_26-32 (FEB L96?)

CHEM. EN_. PROGR. _YHP. SE_., NO, 6h, 2_8-6_ (196_)

PH_S:CA VOL _3, hO, 2, 503-22 (FEB 1967)

PHIL, HAG. VOL 28, _?_-BW (I_39l

NATIO_AL E_REAU OF STA_!3ARDS, _OULDEP, COLO., CRYOGENIC ENG]k[ ;p I_G LAB.,

LA_. NOTE NO. 58-16 (JUN 1958)

PHIL. HAG. VOL 38, NO. 6_ 582-96 (1919)

COMHLIN. PHYS. LAB. UNIV, LEIDEN, NO. 1420 (1914)

WITTENBERG UNIV,, GERMANY_ PH.O. tHESIS (I410)

SCI. PAPERF; NATL, BUR, STB, VOL 11, Ihl-?] (1926)

Z, TECH, PHYS, VOL 12, NO, 6, ?13-H4 Eight)

PHIL, TRANS. ROY. SOD. LONDON VOL 156. 249-6_ (186B)

HARQUARDT COPP,, VAN NUYS_ CALIF., REPT, NO, NASA-CR-BO7_D, PEPT, 6099 (DEC

1965)

PHYSlCA VDL 33. NO, 2, 3_9-h09 (FEB lg67)

CAN. d. RES, VOL It, NO. I, 1-17 (JAN 19_3)

IN3. ENG. CHEM, VOL 25. 820-3 (1933)

Z, PHY_IK, CHEM. VOL 16, I66-7 (iS9')

Z. PHY_IK COL 62, gS-ICi (1930)

LINDE REPT. SCI, TECHNOL., NO, _, ]2-7 (19fi6)

REV. GEM. ELEC. VOL T_, NO, ?-_, 611-22, 641-7 (JUL-AU_ 1965|

PHYS. REV, LETTERS VOL I8, NO. &, 119-21 (JAN 19671

J, CHEM. PHYS. VOL 46. NO. 2, 6_?-707 (JAN 1967)

PHYSICA VOL 7, NO. 1, 79-32 (JAN 1940)

NATIONAL BUREAU OF STANDARDS, WASHINGTON, O.C.. TECH. NOTE NO. 412 IAPR 196T)

PHYS, REV. VOL 155_ NO. 1, 114-71 (MAR 1967)

CAN. J. PHYS. VOL 45, NO. 3, 1418-20 (MAR t967)

J. CHEM. PHys, VOL _6, NO. 5_ 2_0_-9 (MAR 1967)

IN_TITUT FUR PLASHAPHYSIK, GMBHo GARCHING, GERHAN_, REPT. NO, IRP-L/49 (JUL

1966)

ZH. FIE, KHIP. VOL #t, NO. 2, 369-72 (FEB 1967)

AIAA J, VOL 3. I_?Z-7 (AUG 1965)

TORONTO UNIV,. ONTARIO, CANADA, PH.9, THESIS (1965)

HIG_ TEMP, VOL 41 HO. ?, 185-7 (1966)

S. AFRICAN J. SCI. VOL 58, NO. _ 115-20 (APR 196_)

SOVIET AT. ENERGY VOL 19, 14Zl-_ (L96_)

AUSTRALIAN J, CHEM, VOL _0, NO. Z, 197-209 (FEE 19671

KHIM, PROM, VOL _, NO. 11, 8R_-SO (NOV 1966)

NATIONAL BUREAU OF STANDARDS, WASHINGTON, O. C., REPT, NO. NSROS NBS 4 {MAY

1966]

HETROLOGXA VOL 3, NO. 1, _9-31 (JAN 1467) REF ERRATUH

HETROLCGIA VOL 3, NO. 3, 87 (JUL 1967)

TRANS. FARADAY SOD. VOL 63, NO, 531, PT. 3, 59E-E03 (1967)

LOS ALAMOS SCIENTIFIC LAB,, N, MEX., REPT, NO. LA-_616 (1967)

AICHE NATIONAL MEETING 61ST, HOUSTON, TEX. (FEB 19-23, i_6?)

WESTINGHOUSE ELECTRIC CORP,_ PIttSBURGH, PA. ASTRONUCLEAR LAB,, RERI, NO.

WANL-TME-E_78 (AUG I966)

J. RES. NAT. BUR, STO. VOL ?IA, NO, 3, Z03-I? (MAYoJUN 1967)

PHYS. REV. VOL 156, NO, I, 184-90 (APR 1967)

PHYSICA VOL 34, NO, 1, 66-80 (1967)

CAN, J. PHYS. VOL _5, NO, 6. ZI13-ZO (JUN 1967)

J, PHYS. CHEM. VOL 71, NO. 6, 1819-31 (MAY 1967)

LEWIS RESEARCH CENTER, NATIONAL AERONAUTICS AND SPACE AOHINISTRA TION,

CLEVELAND, OHIO, TECH, NOTE NO. D-3186, (APR 1966)

ACTA CHIM. ACAD. SCI. HUNG, VOL 51, NO, 3, 155-60 (1967)

TORONTO UNIV., ONTARIO, CANADA, PH.D, THESIS (1965)

RUSS, J. PHYS. CHEM. VOL 40, NO. 8, IOZ5*9 (1966)

RUTHERFORD HIGH ENERGY LAB,, SCIENCE RESEARCH COUNCIL, CHILTON, ENGLAND,

REPT. NO. NIRL-R-95 (MAR 1965)

HIGH PRESSURE PHYSICS AND CHEMISTRY VOL 1, 91-143 (1963)

PHYSIK, Z, VOL 31, 361-Z (1930)

J. CHEM, PHYS. VOL _, 680-9 (OCT 1936)

INTERN, J, NEAT MASS TRANSFER VOL 10. NO, 6, 745-54 (dUN 1967)

CAN. J. PHYS. VOL 43, NO, 1Z, 2331-43 (DEC 1965)

PHYSICA VOL 34, NO, 3, 419-31 (1967)

PHYSICA VOL 3q, NO, 3, 418-_4 (1967)

ADVANCES IN CRYOGENIC ENGINEERING VOL 13 (PROD. 1967 CRYOGENIC ENG. CONF.)

PLENUM PRESS. INC,, NEW YORK (1966)

GENERAL DYNAMICS CORP., SAN DIEGO. CALIF. GFNERAL ATOHICS DIV., REPT. NO,

NASA-CR-?Z143_ GA-7309 (JUL 1966)

LOS ALAHOS SCIENTIPIC LAB,, N. NEX._ REPT, NO. LA-3597 (SEP 1966)

QUEENS UNIV,, BELFASt, NORTHERN IRELAND, SCI, RERT. NO. AFCRL- 66-817, SR-tt

(NOV 1965)

ATOMIC WEAPONS RESEARCH ESTABLISHMENT_ ALOERHASTON, ENGLANO. RFPT, NO,

AWRE-O-58/66 (SEP 1966)
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COC

NUMBER

45265

45268

45271

45318

4537_

45410

4_32

45_3R

454_9

45454

4549_

455O4

455Z9

_5562

45592

45598

45682

45688

458h3

45862

45863

45871

45966

45962

46053

46118

_6119

h6tZ8

_6150

k6220

_6406

_(_07

464Z1

_6423

46606

46691

_6848

46880

_69S3

4?030

47031

47Q34

471Zk

47200

4?292

47303

_T3Z1

47324

47621

47563

47572

47574

47612

47639

47659

47666

_7684

47668

47795

h7815

47421

47822

47930

47933

48Z02

48Z33

48Z89

keZBO

48307

46359

_0370

483?6

t6376

46380

_8404

48467

6,Z APPENDIX Z, BIBLIOGRAPHY OF REFERENCES

(CONIZNUEO)

AUTHOR

COPPOCK,J.B,N,

NEUSEL,R.H. ET AL

TRAFTON,L.M.

8ELLtG.M, ET AL

ANDRUSSOW,L,

TURK.R.A. ET Ak

BELOHOGOV,A.V. ET AL

ROBACKtR.

PRUSAK,J.

EONISTER,N.C.

FERRELL,R,T. ET AL

KITAGANAtH. ET AL

EONISTER,W,C.

@ISNANATH,D.S. ET AL

EVRE,D.V.

NAIN, V.P.S. ET AL

HALLtJ,A,

OURIEUX,M, ET AL

LIELHEZS,J.

GHOSH,A,K, ET AL

BATABYAL,A.K. ET AL

HOLLEHAN,G.N. ET AL

NELSON,L.C.

KESSELNAN,P.H. ET AL

HALL,J.A. ET AL

HALLeN.J. EI AL

JOHNSTON,H.L.

JOHNSTON,H.L.

VASARU,GH.

HILOEBRAND,J.H.

HATKINSON,A.P. EI AL

KUDIAN,A, ET AL

NATANABEtA. ET AL

HUKHOPAOHYAYtP.

RAICH,J.C. ET AL

GHOSH.A.K. ET AL

VICTORwG,A, EI AL

HIRATA_N. ET AL

JENETItO, ET AL

NATYASH,I.V. ET AL

NATYASH,I.V. ET AL

PRESNALL,D.C.

HICKSTROH,N.A. ET AL

NORSY,T.E.

KONAREVA,V.G. ET AL

LANGENEVER,A.

OIAZ PENA,H. ET AL

TSOINANtG.1. EI AL

NIYAGIeH. ET AL

CHUEH,P.L. ET AL

SCHUCNtA.F. El AL

LIU,F.F.

HEYLEN_A.E.O. ET AL

FUKUOAeA.

OEZUGLYItP.A. ET AL

SINNETT,J.Ho

GUERRERItG.

ROSEVEAR,A.H.N. ET AL

BARflICK,P.L. ET AL

KOR¥INGIJo ET AL

JARVIStJ.F. ET AL

80STANJOGLOtO. EI AL

HASSONoA.

VAN NORN_H°N.

GHOSH,A.K. ET AL

JANE$,H.N. ET AL

YESAVAGEvV.F, ET AL

CHUEHtP.L. ET AL

GERSHMAN,R. ET AL

AVCO CORPORATION

FLORANT,L.F, ET AL

LOCKHEED HISSILES AND

SPACE CO.

HARIGEL,G. ET AL

AEROJET-GENERAL CORP.

FARHER,O.A.

CITATION

TRAMS. FARADAY SOD. VOL $1, 913-4 _(1935)

J, APPL, PHYS. @OL 36, NO. S, 1507-9 (NAY 1965)

ASTROPHYS J. VOL 146. 558-71 (NOV tqBb)

PHYS. REV. VOL 158, NO. Zt 530"6 (JUN 1967)

Z. ELEKTROCHEM. VOL 61, NO. 2, Z53-65 (1957)

JOHN CARROLL UNIV., CLEVELANDj OHIOD REPT. NO. TR 8 (1966)

OPT. SPECTRY. (USSR) VOL 14, NO. 3, 234-5 (1963)

UNITED AIRCRAFT CORP., EAST HARTFORD, CONN., RESEARCH LABS., PERT. NO.

NASA-DR-DO392, C-910092-I (SEP 1964)

PHYSICS AND TECHNIQUES OF LOW TEHPERATURES, PUBLISHING HOUSE OF THE

CZECHOSLOVAK ACADEMY OF SCIENCES. PRAGUE. CZECHOSLOVAKIA (1964)

PETROL. REFIMER VOL 37, 153-6Z (JUL 1958)

A.I.CH.E. J. VOL 131 NO° 4, ?OZ-6 (JUL 1967)

NENRYO KTOKATSHI VOL _S, NO. 3, I10-5 (1966)

HYDROCARBON PROCESS. PETROL. REFINER VOL 46, NO. 8, 119-_3 (AUG 1967)

BRIT. CHEM. ENG. VOL 17. NO. 7. 1103 (JUL 1967)

CHEH. ENG. PROGR. VOL 63, NO. 7, 93-6 (JUL 1967)

INDIAN J, PHYS. VOL 41, NO. 3, 199-208 (HAR 1967)

COHITE CONSULTATIF THERHOHETRIE. COMITE INTERN. POIDS MESURES ?E. SEVRES,

FRANCE 1964 (PUB 1966)

COMITE CONSULTATIF THERHONET_IE. COHITE INTERN. POIOS HESURES ?E, SEVPES.

FRANCE, lq66 (PUB 1966)

J. PHYS. CHEM. VOL 71, NO. 9, 3065-6 (AUG 1967)

J. CHEM. PHYS. VDL k?, NO. Z, ;52-3 (JUL 1967)

J. CHEM. PHYS. VOL 47. NO. Z, 4_8-Sl (JUL 1967)

J. CHEM. PHYS. VOL _l, NO. 2, 571-9 (JUL 1967)

NORTHHESTERN UNIV., EVANSTON, ILLo, PH. O. THESIS (JUN 1954)

INZH. FIZ. ZH. AKAO. NAUK OELORUSSK. SSR VOL 6, NO. 7, k3-9 (1963)

METROLOGIA VOL 3, NO. 3. 78-86 (JUL 1967)

NATIONAL BUREAU OF STANOAROS. 90ULDER_ COLO., REPT. NO. g_8 (AUG t961)

OHIO STATE UNIV. RESEARCH FOUNDATION. COLUMBUS. PROGR. REPT. NO. 21 (JAN

1949)

OHIO STATE UMIV° RESEARCH FOUNDATION, COLUMBUS_ PROGR. REPT. NO. Z2 (MAR

19_9)

ACAOEHIA R.P.R.t BUCHAREST, ROHANIA. ENSTITUTUL DE FIZICA ATOHICA, REPT. NO.

IFA-IS-35 (1966)

PROD, NATL. ACAD, SCI, U° S, VOL S?t NO. 3_ S_-? (1967)

Jo CHEM. PHYS. VOL 47. NO. 4. 155B-9 (AUG 1967)

J. CHEM. PHYS. VOL 67, NO. 4, 1553-4 (AUG 1967)

CAN. J. PHYS. VOL 45, NO. 9, 2BS9-71 (SEP 1967)

BRIT. J. APPL. PHYS. VOL 18, NO. 9, 1301-6 (SEP 1967)

PHYS, REV, VOL 161, NO. Z, 493-6 (SEP 1967)

INOIAN J. PHYS. VOL _lt NO. 5, $_1-6 (MAY 1967)

PROD. PHYS. SOC. (LONOON)

SEKIVU GAKKAI SHI VOL 10, NO, 4_ Z87"94 (APR 1967)

IYCO LABS., INC., WALTHAM, NASS._ INTERIM TECH. REPT. NO. 2 (MAR 1967)

UKR° FIZ. ZH. VOL 12t NO. I, _6-60 (1_67)

UKR. FIZ. ZH. VOL 12, NO. t, $2"5 (1967)

CARNEGIE INST. WASHINGTON. YR. BK. VOL 65, 615-8 (1965-66) (PUB. 1967)

AOVANCES IN CRYOGENIC ENGINEERING VOL 13 (PROC. 1967 CRYOGENIC ENG. CONF.)

PLENUM PRESS, INC.. NEW YORK (196B)

KALTETECHNIK VOL 19, NO. 10, OKV ARBEITSBLATT 1-67 (OCT 1967)

ZH, FIZ. KHIH. VOL 41, NO. 9, Z387-8 (SEP 1967)

DEUTSCHE FORSCHUNGSANSTALT FUR LUFT-UND RAUHFAHRT, BRUNSWICK_ WEST GERMANY,

INSTITUT FUR STRAMLANTRIEBE, REPT, NO. DLR-FB-66-7 (NOV 1966)

ANALES REAL SOC. ESPAN. FIZ, QUIH. (NAORIO) SER. A. VOL 63, NO. %/Z_ Z1-8

(JAN-FEB 1967)

INZH. FIZ, ZH, VOL 11, NO. 6, 751-5 (1966)

PROGR. THEORET. PHYS. (KYOTO) VOL 37, NO. 4_ 641-60 (1967)

AICHE J. VOL 13e NO. S, 896-90_ (SEP 1967)

INTERNATIONAL CONGRESS OF REFRIGERATION 12IH, MAORIO, SPAIN (AUG 30 - SEP 6,

1967)

INTERNATIONAL CONGRESS OF REFRIGERATION $2THe MAORIO, SPAIN (AUG 30 - SEP 61

1967)

LEEOS UNIV., ENGLAND, RERT. NO. AFCRL-67-O033, PR-7, (SEP 1966)

OYO BUTSURI VOL 36_ NO° 31 ZZS-S (1967}

SOVIET PHYS-SOLIO STATE VOL 9t NO. Z, 480-2 (AUG 1967)

AIAA PROPULSION JOINT SPECIALIST CONF. 3ROt WASHINGTON, O. C. (JUL 17-Z1,

1967)

AICHE J. VOL 1Se NO. 5, 877-83 (SEP 1967)

CAN. J. PHYS. @OL 45, NO. 11, 3589-9S (NOV 1967)

COLORAO0 UNIV., BOULOER, COLO., QUART. PROG. REPT. NO. ? (OCT 19671

PHYSICA VOL 361 NO* Zt 177-97 (1967)

PHYS. LETTERS VOL 2SAt NO. 9, 69Z-3 (NOV 1967)

Z. NATURFORSCH° VOL Z_A, NO° I_, $6Z0-_ (OCT 1967)

ANN. CHIN. ET PHYS. VOL 53, 2S7-93 (1856)

PHYS. REV. VOL 157_ NO. Z, 34Z-9 (HAY 1967)

J. CHEM. PHYS. VOL 471 NO. 10_ 3704-7 {NOV 1967)

PMYS, REV, VOL 16Z, NO. 3, 649-60 (OCT 1967)

IND. ENG. CHEN° VOL 59_ NO. 11_ 35-52 (NOV 1967)

INO° ENG. CHEM. FUNDAMENTALS VOL 6, NO. 4, _BZ-B (NOV 1967)

DOUGLAS AIRCRAFT CO._ INC,_ SANTA HONICA, CALIF. HISSILE AND SPACE SYSTEHS

DIV.. PERT. NO. A-3641 R-Z73? (1967)

AVCO CORP., WILMINGTON, NAS5._ FINAL REPT. AVS$O-0414"67-RR (196?)

OHIO STATE UNIV. RESEARCH FOUNOATION, COLUMBUS, CRYOGENIC LAB., REPT. NO. TR

333-k (NAY 1950)

LOCKHEED MISSILES AND SPACE CO., SUNNYVALE. CALIF., REPT. NO. NASA-CR-B7655_

LNSC-K-11-B?-l, VOL. 1 (MAR 1967)

OEUTSCHES ELEKTRONEN-SYNCHROTRON, HAMBURG, WEST GERHANY, REPT, NO. OESY 67/1_

(HAY 19671

AEROJET-GENERAL CORP., SACRAMENTO. CALIF., REPT., (OCT 1966)

LOS ALAMOS SCIENTIFIC LAB°, N. MEX., REPT. NO. LA-3669 (FEB 1967)
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CDC

NUNBER

48470

48521

46526

46572

45502

48653

46?50

48909

48912

48936

48965

49040

49092

49178

49334

49335

49352

49484

49593

49619

49619

49620

49645

49GS7

49669

49?64

49785

49910

49532

50001

50066

50149

50155

50164

5044?

50479

50616

50666

50669

50675

50681

50605

50687

50791

50804

50824

50830

5093?

50957

50960

50962

50964

50960

509?0

50971

51027

51037

51145

51167

51188

51195

51200

51257

51323

51360

51604

51933

52001

$2004

6.2 APPENOIX Z, BIBLIOGRAPHY OF REFERENCES

(CONTINUED)

t¸ ,_ ,*

AUTHOR

ANOERSONtJ.(.

GAMBILL,N.R.

JAMEStH.M.

CHAOgJ, ET AL

NAT HESpK,N.

PAUL, E. ET AL

NAINvV,P.5. ET AL

RANMLER,E. ET AL

HELLERtP.

OANEY,D,E, ET AL

GELMAN.L.I. ET AL

CHUEN,P.L. ET AL

HOLLERAN,E.N°

SCHUCHtA.F. ET AL

RAJA GOPEL.E.S. ET AL

MEDVEDEVtV.A. ET AL

RAICHtJ.C. ET AL

FRAUENFELDERtR, EI AL

HANNEMANNtH.N.

NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION

HUST_J,G,

NIGGINStR.G, ET AL

BOLSNUTKINtO.N. ET AL

NCKIHNEYtC.O. ET AL

SLATER,J.C. ET AL

NINTER.T°G. ET AL

JAMEStH.N.

TNARO,E. ET AL

SUNG,D.C.

HANLEYtH.J.R. ET AL

NIKHALCHENKO,R.S. ET AL

ORLOVA,M.P. ET _.

LIUtF.F.

8EVAH,J.4.

GOLOBERG,P.N. ET AL

HARRIS,A.B.

BAGROVIN.N. ET AL
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AICHE NATIONAL MEETING 64TH, SYHPOSIUM ON PHASE EQUILIBRIA AND RELATED
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NATIONAL BUREAU OF STANDARDS, BOULDER, COLO.* CRYOGENICS OIV. LAB. NOTE 69-6

(MAR 1969)

LONDON UNIV., ENGLAND, PH. O. THESIS (1951)
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r

L

| ]@ li g g li II
II -

il II li I( a ]L II lI II II 1 l .



|

CDC

NUMBER

577_8

57801

57826

57827

57828

57829

5786k

57893

57911

57938

$7955

58079

$8201

5821_

58225

58323

58326

58_03

58k89

SB_91

58501

SB58_

58589

58631

58632

58857

$8893

58956

58986

590_0

59079

59322

59330

$933k

59349

59k01

59k02

5qk53

5q567

596_7

597k5

597_6

597_7

597_9

59750

$9901

59902

59903

59906

599_

5gqk6

5995S

60062

60071

60089

60138

60161

60151

60339

60340

60356

60357

60657

6.Z APPENOIX Z, BIBLIOGRAPHY OF REFERENCES

(CONTINUED)

AUTHOR

ANNZSIB.K. ET AL

OILLERtD.E. ET AL

RAPIAL,A.S. ET AL

HORTON,T.R.

SIGEL_R. ET AL

RUOENKOIN.S. ET AL

LILEY.P.E.

PRESNALL,D.C.

BLOON,N. ET AL

MICKRAMASINGHEBN.C. ET AL

BALLA,O.

BURNIERtP. ET AL

SNEEOtC.N..JR.

JESSHKEtO. ET AL

VARSHAVSKII,G.A. ET AL

FELSYEINERtJ.

FALLOU,8. ET AL

JARVIStJ.F. ET AL

VIGTOR,G.A. ET AL

HOPFINGER,E.J. ET AL

LIGI,J.J.

RUNGE,R.

KRUNHANSLtJ.A. [T AL

SAXENA,S,C. ET AL

HARRIS,L.B.

RAICN,J.C. ET AL

TINROTtO.L. ET AL

HORLITZ.G. ET AL

HONNAtS. ET AL

CRONPTON,R.M. ET AL

NEAL,W.E.J.

LIBBY,L.N. ET AL

NULLIN,N.J. ET AL

NOLOWSKItE. ET AL

BREWERtJ. EY AL

LAZAREV,YU.A. ET AL

LOFTUS,T.A.

GRAY,P, ET AL

NEOOSTUPtV.I.

BELYAEV.YU.N. ET AL

ULYBIN,S°A.

8ABB,S.E°,JRo ET AL

BAKER,J.R. ET AL

BIZJAK,F.

8RECKENRIOGE90.R.

FAIRBAIRNtN.N. ET AL

NERTENS.F.G. ET AL

ANSTUTZ.L.I. ET AL
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PRESS, NEW YORK (1970)

NATIONAL BUREAU OF STANOAROS, BOULDER9 COLO°. TECH. NOTE 370 (NAY 19691
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Z. NATURFORSCH. VOL 25A, NO° 6, 967-72 (JUN 1970)

PHYS, LETT, VOL 32A, N_, 6, 399-400 (AUG 1970)

EXP. MECH. VOL 10, NO. 9, 39W-400 (SEP 1970)

PROGR. THEOR, PHYS. (KYOTO) @OL 44, NO. 2m 303-27 (AUG 1970)

BRIT. J. APPL. PHYS. VOL 3, NO, 9, 1392-8 (SEP 1970)

IEEE TRANS. ELEC. INSUL, VOL El-S, NO. 3, 83-91 (SEP 1970)

PROD, PHYS, SOC,t LONDON_ _T, MOL, PHYS,_ SER, _, #OL 3t NO, 5, 619-35 {MAY

1970)

CAN. J* CHEH, ENG, VOL 4B9 NO. im 93-q (FEB 1970)

PROD. INST. ELEC. ENGRS. (LONOON) VOL 117_ NO. 1, 269-80 (JAN 1970)

C* R. ACAO. SCI. PARIS, SER, A.B, VOL 2698, NO. 22, 1173-6 (DEC 1969)

ZH, FIZ. KHIM. VOL 13, NO, 3, 378-96 (1939) AND ACTA PHYSICO- CHIMICA URSS

VOL 13, NO. _, 853-73 (1940), TRANSL. BY PICATINNY ARSENAL, DOVER, N,J.

FELTMAN RESEARCH LABS., NO. PA TT-73 (JAN 1968(

d. ATHOS. SCI. VOL 26, RT. 1, 918-9 (SEP 1969)

AMERICAN SOCIETY OF MECHANICAL ENGINEERS SPACE TECHNOLOGY AND HEAT TRANSFER

CONFERENCE, LOS ANGELES, CALIF. (JUN 21-_4_ 1970)

NATIONAL BUREAU OF STANDAROS, 90ULOER_ COLO, INST. FOR 9ASIC STANOARD$,

REPORT NO. 9763 (JUL 1970)

PHYS. REV. A VOL 1, NO. _t 274-9 (FEB 1970)

GENERAL ELECTRIC CO., SCHENECTADY, N. Y, MECHANICAL EQUIPMENT BRANCH. FINAL

REPT. NO, S-67-1157-VOL-3 (JUL 1967)

J, CHEM. THERMODYN, VOL It NO. 1, I-6 (JAN 1971)

PHYSICA VOL &8_ NO. ;, 605-8 (SER 1970)
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BROUMERIJ.P°

PROOST-EHODEN VAN

VELZENS,J.Co

@ERBEKEtO.B°

AGRAWAL,G°Mo ETAL

HERMANS,L.J.F. ET AL

ZAIOItH.R.

DE REMIGIS,J. ET At

KUOIAN.A°K. ET Ak

GILNANtJ.J.

HAROYIW.N. ET AL

FARAG,N. ETAL

SENGERS,J.V.

HARRIStA.B.

HARAtE.H. ET AL

SCHNEPP,O,

ROOER,H.M.

COLE,N.N.

OYARZUN,R.

HOROtJ. ET AL

FELSTEINERtJ. ET AL

HERMANStL.J.F. ET AL

FORGER.

BULANINtM.O. ET AL

NCMAHON,H.O. ETAL

STEIN,W.A.

WATANABE,A. ET At

POLLIJ.O. ET AL

SCHMIDT,C. ET AL

NATSUOBT.

FORG, W,

SAXENAtS.C. ET AL

TIETZ,T.

NATANABEtA.

BIOLSI,L. ET AL

GACHECHILAOZE,N.A. ET AL

SACEROOTI,G,

MILLIANS,J.C.,III

NEDVZOEV,V.A. ET AL

SLYUSARtV*P.

NECKSTROTHtN.K. ET AL

HENGSTEBECK_R.J.

HIROSARAtH. ET AL

REOLICHtO. ET AL

BRUCEtT.A.

EBNERtC. ET AL

EVOOKIMOV,V.V. ET AL

$CMOTT,W.

LINtT*K° ETAL

LEEtR,J. ETAL

BURNIER,P.H,

BOURLANOoP,O. ETAL

NASONtE.A. ET AL

TONODN_P.K. ET AL

JENSENtH°L. ET AL

JARVIStJ.F.

KOTOUSOVtL.S.

LEONTEVAtA.V. ETAL

GOODtR.U. El AL

KOGANtV.S. ET AL

NCKELLAR,A.RoW. ET AL

FARNERIO.A, ET AL

PRESTONIG,T, ET AL

AGRANAL.GoM, ET AL

STENART,R.B.

GILLANtN, ETAL

LEE,T.J.

BOB0,J.C.

JEFFERIEStM.J° ETAL

SANUYLO@,YE.V. ET AL

ABITAqJ.L.

CMI,S.W.

JONAH,O.A. ET AL

TSIKLIStO. EI AL

OILLER,O.E.

BUIJS,H.L. ET AL

CITATION

PHYSIC_ VOL 5_, NO. I, _1-I?_ INOV 1970)

PHYSI_ V!_L _9, NO, 71 2_I-8 (OCT 1970)

CRYOGEN?C% V_L 1_. NO. _, _86-q0 (DEC lqT@)

PHY_ICA VOL _, NO. 3, _I0-3_ (gEC 1970)

C_ J. RE'vs. _q! _q, N_. _, 38_-7 (FEB lq7I)

CAN. ,I. o_S. VOL _q, _0. 3, 3_I-_ (FEB 1971)

CAN. J. PHYS. VOL _9, NO. _, ?_0-_ (JAN 1971)

PHYS. PFV. LET?. VOL ?F, NO. 10, 5_6°B (MAR 1971)

PHYS. _rv. LFTT. VOL _6, NO. 3, 127-31 (JAN 1971)

Z. PHYS. CH_P. (LEIP?](:) V_L 2_i NOS. 3-_, 2_-5_ (1970)

ARNOLO FNGI_EER_NC DEVELOPMENT CENTER AIR FORCE SYSTEMS CONNAN9 A_NOLO AIR

FORCE sTAr)oN TEN_4._ _F_T. NO. AEDC-TP-69°68 (MAR 1969]

PHY_, RFV. B VOL 2, NO. 9, 3_9_-35_5 (NOV 1970)

CAN. J. P_Y_. VOL _q, N!I. _, _?0-31 (FEB 1971)

PHYS. PEV. _ VOL Z, NO. 6, _7_ (DEC 1970I

NAT!ON_L I_!PF_; _r _A_JI}_R3S, _OJLOER, COLO. INS?. FOR _A_IC STANDAROS_ LAB.

NOIE NO. 7]-? (FE_ _971)

PHYS. _E_. _ VOL _. _. 10, _21R-52 (NOV 1970)

PHYS. _{V. L_TT. VOL ?6, NO. ]%, _6-8 (MAR I_71)

NATIONAL _POrAU _F _TA_ROS, _OULDER, COLC., TECH. NOTE 397 (FEB 1971)

PHYS. P_V. _ VOL 3. NO. _, 2706-16 (APR 1971)

PHY_IC_ _0_ _I, NO. _, ]lR-_R (JAN 1971)

LINDE PEF ¸'. _I. TECH_(. VOL I_, 18-26 (1RIO)

OPT. SPFC_n_C. (USSP} VOL _?, NO. 31 _16-7 (NCV 1969)

ATOMI_ E_[_Y COMMIS_ICN, RFPT. (MAR 1953]

_LT_T_!'_IK-YLIH_TI_?FP_]_G V_L _?, NO. 11 7-I_ (JAN 1970)

_!_. J. pHW:. VOL _q, "I_. 7, 8G0-3 (APR 197_)

J. _F_. P_Y_. VOL 5_, H_. 6. 7673-_0 {MAR 1971)

REV. SCUD _N_TRU_. VOL _?. N_. _, _NZ-3 (APR 1971)

J. P_V£. _r}C. JAP. VO_ ]_, NC). 3, 79_°805 (MAR 1971)

CHFM. P_O_F_ FN_. VOL 5 _, NO. ?, 57-63 AND 6_ (FEB 1971)

J. CHFH. E_G. _AT_ V_L I_, NO. ?, 217-20 (APR [971)

CAN. d. P_Y_. VOL _q. N_. 10, 1315-q (MAY 1971)

CAN. J. PHYS. VOL _, NO. tO, %_0-6 (MAY 1971)

J. CHEM. P_Y_. V_L 5_, NO. ?. _O?O°Z (APR 1971)

J_TP LETT° VDL 17t N_. S, 159-60 (SEP 1970)

NOTA INT. NO. _6_ (HA_ I_70). PERT. NO. LNF-70/5 (MAR 1970)

J° V_C. SCT. EFC_NOL. VOL 8, NO. 71 _6-50 (MAR/APR 1971)

ZH. FIZ. KHTM. VOL _5, NO. 3, _36-_0 (1971I

ZN. El?. K_IP. VOL _, NO. 1, 190 (19711

J. CHE_. P_YS. VOL 5_, NO. 9, _773-9 (MAY 1971)

AMOCO CHEMICAL CORP., WHITING, IND., PAPER NO. 35D

ELECTRICAL FNG. JAPAN VOL 89, 68-77 (JAN 1969)

ATOMIC ENERGY COMMISSION, REPT. NO. UCRL°IR011 (MAY 1969)

ATOMIC ENErgY COMMISSION, RE_T. NO. NYO-I699-k], PERT. 1Z9Z IJAN 1970)

SOLID STAIE COMMUN. VOL _, NO. _Z, 1903-6 (NOV 1970)

CORRUPT. E_PLOS. SHOCK H_VES VOL 3, NO. _, 308-12 (WINTER 1967)

Z. ANGER. oHYS. VOL 30, NO. _, ?93-5 (1970)

THECR° CHIN. _CTA VOL 19, NO. 11 38-_ (E970I

SOLID _TATE CONMUN. VOL _, N3. 2?, 1803-6 INOV 1970)

BULL. lip _N_F lq_q-J (PRESENTEO AT MEETING CF CONM. _, LOW TEMPERATURES

AND ELECTRIC ROWER, LONDON1 ENGLAND1 MAR 2_-?8, 1969)

PHYS. REV. B VOL _, NO. 11, 3625-35 (JUN 1971)

CHEM. PHYS. LET?. VOL 6, NO° 6, 63_-? (SEP 1970)

CHEM. PHYS. LETT. VOL 7, NO. 6, 621-3 (OEC 1970)

NATL. AFRO_AUTICS AND SP_CF _ONINISTRATION1 HO_STON_ TEXAS, MANNED SPACE

CENTER, RE o. NO. NASA-CR-11_20. LOCKHEEO MISSILES AND 5_ACE CO., SUNNYVALE,

CALIf., RF_. NO. LMSC-AR_I63_ (FEB 1971)

DUKF UNIV., _'JRH_M, N. C., PH._. THESIS (1968)

SOV. PHYS. TICH. PHYS. VOL 15t NO. 9, 1561-7 (MAR 1971)

PHYS. _TATU_ SOL)Of VOL WS, NO. ?, SW3-9 (DEC 197Q}

j. CHEM. _YS. VOL _5, NO. 1, _11-15 (JUL 1971)

PHYSIC_ V_L 5_, NO. I, 1_5-31 (NAY 1971)

J, CHF _, PHYS, VOL 55, NO. ?, 595-609 (JUt 1971]

LO _ eLAHO_ SCIENTIFIC L_q., N. ME_*_ PERT. NO. LA-WRO6-NS. ATDNIC ENERGY

CORNISh)OK CONTR. NO. W-TWOS-ENG. 36 (MAR 1972)

IN). rNG. CHEM. FU()OAM. _OL I0, NO. 3, 3_9-97 (AUG 1971)

IN_. [_G. CHEM. FU_OAM. VOL 101 NO. 3, W$3-8 (AUG 1971)

JOINT MEETING OF THE AMERICAN INSTITUTE OF CHEMICAL ENGINEERS AND THE

INSTITUTO MEXICANO DE INGENIEROS QUIMICOS ]RO, DENVER, C3LO. (AUG 30-SEP 2,

1970)

P_YS, REV. A VOL _, NO* _t 6_-9_ (AUG 1971)

mROCEEDING_ OF THE INTERNATIONAL CRYOGENIC ENGINEERING CONFERENCE 3RO,

_ERLIN, _E_MANY (MAY 2_-77, 1970) ILIFFE SCIENCE AND TECHNOLOGY

PUBLICATIONS, LID., GUILFOQD, SURREY, ENGLAND (I970)

RROCEEDING_ OF IM_ INTeRnATIONAL CRYOGENIC ENGINEERING CONFERENCE ]RO,

BERLIN, GERMeNY (HeY 75-Z?, 1970) ILIFFE SCIENCE AND TECHNOLOGY

PUqLICeIIONS, LTC., GUILFORD, SURREY, ENGLAND (1970)

GENERAL ELCCTRIC CO., S_HENECTA3Y1 N. Y. RESEARCH AND DEVELOPMENT CENTER,

PEP. NO. &q-_-38_ (SEP I96_)

TEPLOFIZ, VYS. TEMP. VOL 8, NO. W, 75_-61 (JUL-AUG 1970) TRANSL. BY

TRANSLATION _ONSULTANTS, LTO.t ARLINGTON_ VA., NO. NASA-rT-F-13W86 I? PP

(MaP I_71)

OHI_ UNIV., h/HENS, PM.O. THESIS ([969)

NATIO_IAL AF_ONAUTICK A_D SRA_F ADMINISTRATION, GREENBELT. MD. GOOOARO SPACE

FLIGHT CENTEr, PEP. NC. NASA C_-1161?5 (SEP 1970)

PROC. ROY. SOC. (LONDON) SER. A VOL 37_, NO, 1_5W, 361-75 (JUN 1971!

RUSS. J, P_Y_. CHEM. V_L kS, NO. 11 10-I_ IJAN 1971}

CRYOGENICS VOI 11. NO. ], [B6-91 (JUN 1971)

CA_4° J. PHY%. Vt}L _9. _JO. i_, 2166-75 (SEP 1971)
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73601

73609

73611
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73665

73677

73720

73771

73805
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74127

74178
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?_314

74342
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74349

74375

7k466
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74574

7_575
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74672
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74751
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75067

75122

75122
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75153
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75218
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75354

75493

75572
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7573?

75736

75788

75844

75902
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76057
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76125

76126
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76172
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76276
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76332

76346
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LANGHOFFIP.W. ET AL

BAILEYtC.A.

AVCO-EVERETT RESEARCH LAG.,

EVERETT, MASS.

WEITZEL,D.H. ET AL

EBNER,C, ET AL

SILVERA,I,F, ET AL

COLL,C.F.,III ET AL

BERLINSKY,A,J. ET AL

STEI_,W,A.

OALGARNO,A. ET AL

RAKSHIT,A,B. ET AL

LEE,R,J, ET AL

PATCH,R,W.

JEAN-LOUIS,M. EI AL

BLASBERG,H.A,M.

BEREZHNOI,A.N.

NAKAHURA,T. ET AL

LEHMANN,J.P,

ANGERHOFER,P.E. ET AL

NEECE,G,A, ET AL

BEREZNYAK,N,G. ET AL

MORRIS,E.C,

NULLIN,W.J. ET AL

GENERAL DYNAMICS/CONVAIR

SAN DIEGO, CALIF.

LAPWORTH,K.C.

ETTERS,R,D, ET AL

LOEB,M.B,

SABNIS,G.T, ET AL

LEE,BYUNG-IK ET AL

CARMANtR,L. ET AL

WILHELM,E, El AL

TONOON,P.K. ET AL

BURNIERtP,

ULYBINtS.A, ET AL

VANDER WALL,E,M,

KIRSHENBAUM,A.O,

GENERAL OYNAMICSICONVAIR

SAN DIEGO, CALIF.

KING,J.A.

STEIN,W,A.

CONSTABLE,J,N. ET AL

ROBERTS,R,J. ET AL

RAICH,J,C, ET AL

BARTELS,A,

CUKOR,P,H, ET AL

NOOLANOItJ,

LARANJEIRA,N,F, ET AL

FARAG,N. ET AL

OCONNELL,J,P.

GENERAL DYNAMICS/CONVAIR

GIBSON,D.K,

$UEIIN,P,E, ET AL

CODEGONE,C.

CULLEN,J,R. ET AL

CUKORtP,H, ET AL

LE NEINOREtB.

SILVERA,I.F. ET AL

BERLINSKYtA.J. ET AL

LEE,R.J. ET AL

OYNIN,E.A.

SUETIN,P.E. ET AL

ROBERTSON,A.G.

CBOMPTON,R.W, ET AL

HARRISON,H.R. ET AL

MAUFE,S. EI AL

CHERT,B.

CAMANI,H.

YORIZANE,M. ET AL

YORIZANE,H, ET AL

GIBBONS,R.M.

BAKERtJ,Ro ET AL

NAKANURA,T,

HARRIS,F.E. ET AL

KESTIN,J. ET AL

ERENTS,K, ET AL

CHONGtO.P. ET AL

SEIFFERT,W,O.

NALTERS,F,M. ET AL

GORBANESCU,G.

RICHARO,C,E. ET AL

RAHM, O.

MITINtM,B.

FOUCHE,O.G, ET AL

CITATION

J. CHEM, PHYS. VOL 55, Nh, 5, 2126-45 ($EP 1971)

ADVANCED CRYOGENICS, C, A, BAILEY, EB.t PLENUM PRESS, NEW YORK (1971)

AI_ FORCE AERO-PROPULSIO_ LA_., WRIGHT-PATTERSON AFB, OHIO, FINAL REPT, NO,

AFAPL T_-69-102 (JAN I970)

NATIONAL BUREAU OF STANDARBS, BOULDER, COLO,, REP, NO, 9?96 (JUN 19/1)

PHYS. REV, B VOL 4t NO, _, 263_-44 (OCT 1971)

PHYS, PEr, B VOL 4, NO, _, 272W-33 (OCT 1971)

PHYS. HEY. B VOL k, NO, 8, 2781-B07 (OCT 1971)

PMYS, REV. B VOL W, NO, S, 2@0_-19 (OCT 1971)

KALTETECHNIK-(LIMATISIERUNG VOL 23, NO. 8, 277-37 (AUG 1971)

PHYS. REV. LETT, VOL 27, NO, 16, 1033-6 (OCT 1971)

CAN, J. PHYS. VOL 49, _0. _0, 2547-51 (OCT 1971)

PHYS. REV, LETT. VOL 27, NO, 17, 1137-40 (OCT 1971)

AIAA J, VOL 9, NO. 11, 229_-_ (NOV 1971)

J. CHEM. PHYS. VOL 55, NO. 9, 4657-9 (NOV 1971)

PHYSICA VOL 54, NO. 3, _68-7_ (SEP 19T1)

THERMOPHY_ICAL PROPERTIES OF GASES AND LIOUIDS, NO. 1, V. A. RABINOVICH ED,

TRANSL, FROM THE RUSSIAN BY ISRAEL PROGRAM FOR SCIENTIFIC TRANSLATIONS,

JERUSALEM (1970)

PROGR. THEOR. PHYS. {KYOTO) VOL _4, NO. ;, 833-59 (OCT 1_70)

REV, GEN, ELEC, VOL 79, NO. 1, 15-2_ (JAN 1970)

NATIONAL BUREAU OF STANOARDSt BOULOERt COLO,, REP. NO. 10/00 (AUG 1971}

J, COHPUT. PHYS, VOL 7, NO. 3, B21-36 (JUN 1971)

SOY. PHYS. JETP VOL 32, NO, 5, _38-40 (MAY 1971)

AUST. J, PHYS. VOL 74, NO, 2, tST-?B (APR 1971)

OFFICE OF NAVAL RESEARCH, WASHINGTON, O. C,t PERT. (FEB 1969)

NATIONAL AERONAUTICS AND SOACE ADMINISTRATION, REP. NO. NASA-CP-IO?q02_

GOC-DBBTO-O09 (AUG 1970)

AERONAUTICAL RESEARCH COUNCIL, GREAT BRITAIN, BERT. NO. ARC-CP-11QI (%970)

J, LOW TEHP, PHYS. VOL 5t NO, 6, ?11-6 (DEC 1971)

CHEM. ENG. (h. Y,) VOL 7_i NO. 27, 78-81 (_OV 1971)

AIC_E J, VOL 17, NO. 6, 1372-80 {NOV 1971)

AICHE J. VOL 11, NO, 6, 1412-8 (NOV 19T1)

PHYS, REV. A VOL 5, NO. I, 3_I-8 (JAN 1972)

J, CHEM, THERMDDYN, VOL 3, NO. 6, 761-8 (NOV 1971)

CHEM. PHYS. LETT, VOL 5, NO, q, 619-22 (JUN 1970)

BULL, SOD. ROY, BELGE ELECT, VOL 82, NO. 2, 123-31 (1966)

J. ENG. PHYS. (USSR) VOL I], NO, 1, 06-60 (JUL 1967)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, CLEVELAND, OHIn, SPACE

NUCLEAR PROPULSION OFFICE, REP. NO, NASA-CR- 115818, FRO?-W396 (OCT lg?O}

COMBUSTION INSTITUTE, FALL MEETING, LA JOLLA, CALIF. (OCT 77, 28, 1969)

NATIONAL AERONAUTICS AND S_ACE ADMINISTRATION, REP. NO, NASA-DR-tO?901 (AUG

1970)

NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION, CLEVELANO, OHIO. LEWI_

RESEARCH CENTER, FINAL BERT. NO, NASA-DR- 72716, R-B_?2 (JUN 1970)

FORSCH, INGENIEURW. VOL 35, NO. S, 147-56 (1969)

SOLID STATE COMMUN, VDL g, NO. 2, 155-B (JAN lg?1)

J, LOW TEHo, PHYS. VOL 6_ NO, 1-2, 97-13_ {JAN 1977)

J, LOW TEMP. PHYS, VOL 6, NO, ]-4t 229-40 {FEB 1972}

PHYS, REV. LETT, VOL _8, NO. 4, 213-5 (JAN 1972)

J. PHYS. CHEH. VOL 76, NO, 4, 601-2 (FEB 1972)

SOLID STATE COMMUNo VOL 9, NO. 21, 1809-12 (NOV 1971]

PO_T, PHYS. VOL 5t 61-70 (1968)

Z, PHTS, CHEM. (LEIPZIG) VOL 245_ NO, 3-4, 145-53 (1970)

AICHE J. VOL 17, NO. 3, 65_-63 (MAY 1971)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, REP, NO. NASA-CR-tO_879_

GOC-DDB7D-008 (AUG 1970)

AUST. J, PHYS. VOL _3, NO, B, 683-96 (OCT 1970)

SOV. PHYS. TECH. PHYS, VOL 15, NO, 11, 1_57-62 (NAY 1971)

INT. J. HEAT MASS TRANSFER VOL 14, NO. 4, 565-71 (APR 19_1)

SOLID STATE COMMUN. VOL I0, NO, _, 195-8 (JAN 1972)

J. PHYS. CHEM. VCL 76, NO. W, 59_-602 {FEB 1972)

INT, J. HEAT MASS TRANSFER VOL IS, NO. 1, 1-24 (JAN 1977)

PHYS. REV. B VOL _, NO. 4, 1570-86 (FEB 1972)

PHYS. REV. B @OL 5, NO. W, 1587-90 (FEB 1972)

PHYSo HEY. B #OL 5, NO. 4, 1591-604 (FEB 1912)

SOV, PHYS. SOLID STATE VOL 1], NO. 8t 2089-90 (FEB 1972)

SOV, PHYS. TECH. PHYS, @OL 16, NO. B, 1370-3 (FEB 1972)

AUST, J, PHYS. VOL, 24, NO, 3, 445-9 (JUN 1971)

AUST. J, PHYS. VOL 24, NO. W, 543-53 (AUG 1911)

CH_M. PHYS. LETT, VOL tO, NO. 4, 418-21 (AUG 1971)

CHEM. TECH, (LEIPZIG) VOL 23, NO. 9t 534°6 (SEP 1971)

C. R. ACAO. S;I,, PARIS C SER, VOL 2?3, NO, 9, 573-5 (AUG 1971)

HELV, PHYS. ACTA VOL 44, NO. _, 437-50 (1971)

KAGAKU KOGAKU VOL 34, NO, 9, 953-7 (1970)

KAGAKU KOGAKU VOL 35, NO, 6, 691-3 (1971)
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OPPENHEIM.I. (UNIV. BRIT. COLUMBIA, VANCOUVER)
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BOCKPIS,_.D. APPLE_Y,A.J. FLINDERS UNIV., AUSTRALIA)

BOGGS,S.A. CLOUTER,M.J. WELSH,H.L. (TORONTO UNIV.. CANAda.
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t

L

50



I

_4920

49657

8453?

84839

14544

78313

6356

20297

29230

57006

2839

2b40

6759

30584

32949

43557

47822

66093

22253

71783

26626

43413

8009

4226_

86904

939

59946

940

34333

59750

87705

2597q

13546

82570

38171

5_964

59349

43735

1(,955

6995

13780

64383

781 8E

11806

28110

23175

33127

10749

10880

5600

69647

81597

2344f

87050

11690

80063

77424

71335

79037

BOLSHAKOV_P.Eo

BOLSHUTKIN,D.N.

BOLSH'JTKIN,D.N.

BOLSHUTKIN,D.N.

BOLTZHANN,L.

BONOY_EY,V.E.

BONHO_FFER,K.F.

BONHOEFFER,K.F.

GELPERIN,I.I. OSTRONOV,M.G.
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STEISENKO,YU.E.
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(CALIFORNIA UNIV., BERKELEY. OEPT.

BONHOEFFER,H.K.F. HARTECK,P.

BORGHINI,M.

BOROVIK-ROMANOV,A.S. ORLOVA,M.P. STRELKOV.P.G.

BOROVIK-ROMANOV,A.S. STRELKOV,P.G.

80ROVIK,E.S. GRISHIN,S.F. GRISHINA,E.YA.
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BOSTANJOGLO,O. (BERLIN IECHNISCHEN UNIVERSITAT, GERMANY,

BOSTANJOGLO.O. KLEINSCHMIDT,R. (BERLIN TECHNISCHE

BOSTANJOGLO,O. LISCHKE,B. {BERLIN TEGHNISCHE UNIVERSITAT,

BOUBLIK,T. (CESKOSLOVENSKA AKADEMIE VED, PRAGUE)

BOUDOURIS,GEORGES

BOUPLAND,P.O. CHU,W.K. POWERS,D. (BAYLOR UNIV., WACO,

BOYD,J.H.
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BREBADH,W.J. THODOS,G.
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BREEOVELD,G.J.F. PRAUSNITZ.J.M. (CALIFORNIA UNIV.. BERKELEY.

BREITENBACH,F.

BREIT,G. ONNES,H.K.

BRELVI,S.W. OCONNELL.J.P. (FLORIDA UNIV.,

BREWER,J.

BREWER,J.

BREWFR,J. VAUGHN,G.W. {MIDWEST RESEARCH

BREZING.D.

BRICKWEDDE,F.G. SCOTT,R.B. UREY,H.C., WAHL,H.H.

BRIDGIAN,P.W.

8RIDGMAN,P.W.

BRIEF.A. JOFFE,J. (NEWARK DOLL. OF

BRIGGS,M.P. MURRELL.J.N. SALAHUB.D.R.

BRINK_AN.H.C.
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BROML£Y.L.A. WILKE,C.R.
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BROWN,G.R. MEYER_H. (DUKE UNIV.. DURHAM, N. C, DE_T, OF

BROWN,N.J. MUNN,R.J. (MARYLAND UNIV., COLLEGE PARK'. INST. FOR

BRUCE,T.A. (CORNELL UNIV., N. Y. MATERIALS SCIENCE CENTER)

BRUCE,T.A. (CORNELL UNIV.. ITHACA, N. Y. LAB. OF ATOMIC AND
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BRYANTtP.J. GO_SELIN,C.M. TAYLOE,L.H.

BRYANT,W.M.D. (DU PONT uE NEMOURS (E.I.) AND CO., WILMINGTON,

BRYAN,F.A..JR. WALTNER,A.W. (ASTF_ INC., RALEIGH.N.C.)

BUCKINGHAM,R.A. DAVIES,A.R. GILLES,D.C.

BUCKINGHAM.R.A. DAVIES,A.E. DAVIES,A.R.

BUCKINGHAM,R.A. FOX.J.H. GAL,E. (UNIV. Or LONDON, ENG.)

BUCKINGHAM,A.D. PRICHARO,K.H. NHIFFEN,D.H. (BRISTOL UNIV.,

BUCKINGHAMgA.D. ORR, 8.J. (B_ISTOL UNIV., ENGLAND)

BUCKINGHAM,R.A. GAL,E. (LONDON UNIV., ENGLAND. INST. OF

BUDDENBERG,J.W. WILKE,C._.

BUIJS,H.L. GUSH,H.P. (B_ITISH COLUMBIA UNIV., VANCOUVEF.

BULANIN,M.O. TONKOVtM.V. (LENINGRAD UNIVERSITET SSSR)

BULANINtM.O. MELNIK,M.G. TONKOV,M.V.

BULANIN,M.O. TONKOV.M.V.

BULANIN,M.O. ZHITENEV_F.N. KOUZOVtA.P.

BULATOVAtR.F. KOGAN, V.S. LAZAREV,V.G.

BULATOVAtR.F. KOGAN,V.S. LAZAVEV,V.G.

BULATOVA_R°F. KOGAN,V.S.

BULATOVA_R.F. KOGAN_V.So

BULATOV,A.S. KOGAN,V.S. (AKADEMIYA NAUK UKRAINSKOI SSR,

BULATOVA,R.F. KOGANgV.S. KUZIN,I.A. LOSKUTOV,A.I.
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BURKE,T. LEBOWITZ,J.L. LIED.E. (YESHIVA UhIV., NEW YORK)

BURNIERtP. MOREAU,J.
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BURNIER,P. DE LA HAkPE,A. (AIR LIOUID, SASSENAGE, FRANCE.

BURNIER,P. (SOCIEIE ALSTHOM, PARIS, FRANCE)

BURNI_R_P.H. ($OCIETE ALSTHOM, MASSY, FRANCE)

BURNIER,P. (SOCIETE ALSTHOM, PARIS, FRANCE)

BURNIZR,P. MOREAU.J. (SOCIETE ALSIHCM, PARIS, FRANCE)

BURSHTEIN,L. RABINOVICH,V. (ALL UNION PHYSICO-TECH. ANC

BUTLER_A.P. JAMES,G.B. MAODOCK,B.J. NORRIS,H.T.
BYK,A,

CALLEAR.A.B. POBB.J.C.

CAMANI,M. (YALE UNIV., NEW HAVEN, CONN.)

CAMKY,P. WHITE,D. JOHNSTON, H.L.

CANJAR_L.N° HO FOOK_C.F. OBRIEN,D.E. MANNING_F.S.
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CARERI,G. REUSS,J. BEENAKKER,J.M.
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CARNEVALEtE.H. CAREY,C. MARSHALL,T. UVA,S.

CARNEY,R.R. DWYER_R.F. ET AL.
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CHANG,HUAN-YANG (LOWELL TECHNOLOGICAL INST., MASS.)

CHANIN,L .M. RDRK,G.D.

CHAO,J. HU,A.T. KAR_I_, G.C. ET AL

CHAPLINE,S,F.,J_:. (CALIFORNIA UNIV., LIVER.HORE. LAWRENCE

CHA_FVSKAIA,C.I. _SINOV,D.N. ET AL.

CHELTON, {J. FJ. M_NN,D.B.

CHE'IISAL ANO ENGINLER.]NG NEW_

CHEN,H&O-LIN

CHEN,H.T.

CHEN,N.H.

CHEN, .'.Y. HENDE_SON,0o kEED,R.D. (WATERLOO

CHERNYSHEV,_.K.

CHcRrIYSHEV, A.K. KORNEEV,_.S.

I.HFRY,.]. (_COLF NATICNALE SUPEPlEURE, NANCY, FRANCE.

CHEST-::_, F.F. DUGDALE ,J.S.

CHIPH&N,J.

CHISHOLM,O.A. MACDONALD, J.C.F. CRAWFORD,M.F. ET AL.

CHISHOLM,C,A. HA&E,W.F,J. WELSH,H.L.

CHIU,CHEN-HWA CANFIELU,F.B. (OKLAHOMA UNIV., NORMAN)

CHI,S._. CYGNAROWICZ,T.A. (CATHOLIC UNIV. OF AMERICA

CHI,S.W,

CHOI,O.S.

CHONG,D.P.

CHOPEY,N.P.

CHOPFA,V, (

CHPISHOLM,O.

CHUBB,J.N.

CHUEH,P.L.

CHUEH,D,L.

CHUEH,P.L.

CHUEH,_.L.

CHUSOV,M.A,

CINI-CASTAGNOLI,G.

CINI CASTAGNOLI,G.
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CLAQK,R.G,
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4. WELSH,H.L.

POLLARD,I.E. (COLHAM LAB., UNITED KINGDOM ATOMIC

PEAUSNITZ,J.M. (CALIFORNIA UNIV., BERKELEY)

PRAUSNITZ,J.H. (CALIFORNIA UNIV., BERKELEY)

PRAUSNITZ,J,M. (CALIFORKIA UNIV,, BERKELEY)

DEAL,C.H. (SHELL DEVELOPMENT CO., HOUSTON, TEX.)

(AKADEMIYA NAUK SSSR, MOSCOW. INSTITUT FIZIKI)

GIARCINI-GUIDONI,A,

ONTARIO, CANADA)KATZ,L. (QUEENS UNIV., KINGSTON,

FLOUNOEES,E.M. STELTS,P.O.

HYMAN,F. WILSON,G.M.

HYMAN,F,L. WILSDN,G.M.

KARPLUS,H,B.

GUSH,H.P.

GUSH,H.P.

MURPHY,H.J.

HILLER,K.

WEIGAND,K.

_A_THOLOME,E.
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BARTHOLOME,E.

WELSH,H.L. (TORONTO dNIV., ONTARIO)

(WILLIAMS(CLYDE) AND CO., COLUMBUS,

(POLITECNICO [iI TORINO, ITALY)

HIPKIN,H.G. KOFPANY,C,_. (BRAUN (C. F.}_ AND CO.,

CFFERHA.U_,M.J. VAN LEEUWAN,J.M.J. ET AL

OFFERMAUS,M,J. VAN LEEUWEN,J.M.J. ET AL

UREY,H.C.
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CONNCLLY,J.F. KANOAI IC,G.A.

CONNOLLY,J.F. (AMEPIC_N OIL CO,, WHITING, IND.)
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COTTON,J.E.
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CROMPTO_,P.W.

CROMPTO_,q.N.

CRONIN,D.J. (MASS. INST. OF TECH.,
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MCINTCSH,A.I. (AUSI_ALIAN NATIONAL UNIV.,
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UNIV., HOUSTON,
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NOOLAN_I,J. (TORONTO UNIV., ONTARIE. DEPT. OF

NOOLANDI,J. (OXFORD UNIV., ENGLAND. DEPT. OF

NORTHkUP_C.J.,JR. WEMPLE,R.P. BAUDOIN_L.P.

NORTHWESTERN UNIVERSITY

NOSANOW,L.H. (CALIFORNIA UNIV., SAN DIEGO)

NOTHDURFT,W.

NOVAK,J.

NOVAK,J.

NYLIN_M.

OCCHIALINI,A,

OCCHIALINI,A,

OCONNELL,J.P. PRAUSNITZ,J.M. (FLORIDA UNIV.,

OCONNELL,J.P. (FLORIDA UNIV., GAINESVILLE)

ODEN.L. HENCERSON,D. (WATERLOO UhIV., ONTARIO, CANADA)

OFFZRHAUS,M.J. DE BOER,J.

ONNZS

0NNES

ONNES

ONNES

ONNES

ONNES

ONNES

ONNES

ONNES

ONNES

ONNES

ONNES

OlSHI,J.

OISHI,J.

OISHI,J.

OKSENGORN,B.

OLIVI,L.

OLSZEWSKI,K.

OLSZE_SKI.K.

OLSZEWSKI.K.

OLSZEWSKI,K.

OLZEW_KI,K.

OMAROV,T.G.

OMAR,_.H.

ONEAL,C.,JR.

ONNES.H.K.

,H.K.

,H.K.

,H.K.

,H.K.

,H.K.

,H.K.

,H.K.

,H.K.

,H.K.

H.K.

H.K.

,H.K.

ONNESH.K.

ONNES,H.K.

ONNES,

ONNES,

(TOHOKU UNIV., SENDAI_

ONTARIO.

ONTARIO.

PHYSICS}

THEORET ICAL

GAINESVILLE)

VU,H. VOOAR,B. (CENT_E NATIONAL DE LA

CATH,P.G.

SMOD,E.I.

BROKAW,R.S.

CROMMELIN,C.A.

DE HAAS,W.J.

PENNING,F.M.

CROMMELIN_C.A.

BRAAK,C.

DORSMAN,C. WEBER,S.

MARTINEZ,P.

KEESOM,W.H.

CROMMELIN,C.A.

BRAAK,C.

BRAAK,C.

DORSMAN,C. HOLST,G.

VAN GULIK,W.

BRAAK,C.

H. KAMLRLINGH BRAAK,G.

H.K. KEESON,W.H.

OEPT.
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I

4309°

57535

8344_

23517

16917

43369

24256

50_Oq

5536

50155

12197

625 04

36007

20893

80213

81210

51323

_6715

3S201

52752

17960

6_411
2001O

70412

80267

28630

28632

611#
45065

40_11

27420

291_1

41819

50969

25911

26767

73677

27055

18878

4@653

68177

30309

6t627

83690

16099

40786
3551_

52712

64319

87392

6049

_703

18042

83588

4443':)

10872

5_46_

14625

66566

ONNES,H.K. KUYPERS.h.A.

OOST,W.A. DE V{IES,A.E. (STICHTING VOOE FUNDAMENT£EL

OOST,4.A. LOS,J. CAUWENBERGH,H. VAN DAEL,W. (FOM-INST. VOOR

OPPENH£1M,I. FRIEJHAN,A.S.

ORCUTT,R.H.

ORCUTT,R.H. COLE,_.H. (BROWN UNIV., PROVIDENCE, R.I.}

ORENTLICHE_,M. PRAUSNITZ,J.M.

ORENILICHER,M.

ORLICEK,A.F.

ORLOVA,M.P. ASTROV,D.N. MEDVEDEV,V.A. OEOIKOV,Y.A. (INSTITUT

ORTTUNG,_.H.

OQYE,°.V. (SHELL DEVELOPMENT CO.. EME_YVILL, CALIF.)

OS�O_NE,A. [KELLOSG (M. W.) CO., NEW MARKET, N. J.)

OSHCHERIN,B.N. {LLNSOVET TECHNOL. INST., LENINGRAd}

OSTGAA_D,E. (INSTITUT MAX VOW LAUE/PAUL LANGEVIN, GARCHING,

OSTGAARS.E. {INSTITUT MAX VOW LAUE-PAUL LANGEVIN. GARCHING,

OSTRO_OV,M.G. 30LSHAKOV,P.E. GELOERIN,I.I. ORLOVA,A.A.

OSTPONOV,H.G. CRLOVA,A.A. GELPERIN,I.I. ET AL.

OTHMF_,D.F. CHEN,HUNG TSUNG {POLYTECHNIC INST. OF BROOKLYN,

OTHHE_,O.F. CHEN,HUNG-TSUNG {POLYTECHNIC INST. OF BROOKLYN,

OTTO,J.

OTT,W.R, FITE,W.L. (PITTSBURGH UNIV., PA.)

OVCHINNIKOVA,E.N. KOBUS,G.L.

OYARZUN,R. VAN KRANENDONK,J. (TORONTO UNIV., ONTARIO.

OYA_ZUN,R. VAN KRANEDONK,J. {TORONTO UNIV.. CANADA. DEPT. OF

OZEROV,R.P. KOGAN,V,S. ZHDANSV,G.S. ET AL

OZEROV,R.P. COGAN,V.S. ZHDANOV.G.S. ET AL

PACE,N.

PADDI REDOY,S. CHO,C,W. (MEMORIAL UNIV. OF NEWFOUNDLAND,

PAI,H.U. SAST_I,S.R.S. {NATIONAL CHEMICAL LAB,, POONA, INDIA)

PAN AMERICAN WOPLD AIFWAYS

PAOLUZI,G.

PAOLUZI,G.

PARLANGE,J.Y. (YALE UNIV., NEW HAVEN, CONN. OEPT. OF

PARTINGTON,J.R. SHILLING.W.G.

PARTINGTON,J.R. HOWE,A.B.

PATCH,R.W. {NATIONAL AERONAUTICS ANO SPACE ADMINISTRATIOh.

PAULING,L.

PAUL,3.

PAUL,{. WITTENBERG,M. FREYSCHMIDT.E.

PAUL,F.W. BURPOWB_I_GE,D.

PAUL,_. HOWAPD,A.J. WATSON,W.W. {YALE UNIV., NEW HAVEN, CONN.)

PEARSON,J.S. HARRISON.J.A. (LIVERPOOL UNIV,, ENGLAND. OEPT.

PEBLE_,A. HICKAM,W.H. (WESTINGHOUSE RESEARCH LA3S., PITTSBURGH,

PENNINS.F.H.

PERRFAU,M.F.

PERRETT,R.H.

PETEE;ON,N.M.

PETEk!SON,N.M.

PETZINGE_,K.G.

PICKE_ING,S.F.

PICKF_ING,S.F.

PICKE_<ING,S.F.

PIENTKA,J.

PIERCE,B.L.

PIER,M.

PILA_CZYK,K.

PISEP,R.

PITSIUGA,V.G.

(COLL. AOVANCED TECH., BIRMINGHAM, ENGLAND}

(AUTONETICS. ANAHEIM, CALIF.)

SCALAFINO.O.J. (CALIFORNIA UNIV,, SANTA BARBARA,

MATYASH,I.V. LUKYANENKO.L.V.
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i

53420

3709

3h05

2140_

27949

66_0

7903e,

28629

7073_

2_780

13614

84542

55712

66518

5528

14422

83309

87200

6733

14766

26157

67942
4703_

57893

66514

72712

6270

19179

33077

34025

80266

84181

6388").

69652

45449

16200

38176

10764

34381

4660_

49352

57081

58857

59944

63042

65211

75218

39250

4933'_

73660

52506

68305

80310

489O °

65524

77252

62567

6_'480
31503

PITSYUGA,V.G. MATYASH,I.V. LUKYANENKO,L.V.

PITT,A. JACKSON,W.J.

PLANK,R. RIEDEL,R.

PLANK,Z. RIEOEL,L. (INST. OF TECHNOLOGY, KARLSRUHE,

PLANTEVIN,J.P. VEYRIE,P. GERVAT,A.

PODGURSKItH.H. DAVIS,F.N.

POLLOCK,E.L. BRUCE,T.A. CHESTER,G.V.

POLLtJ.D. VAN KRANENOONK.J.

POLL,J.O. MILLER,M.S. (GUELPH UNIV.,

POPEL,S.I. FAVLOV,V.V. ESIN,O.A.

POPOVICI,S. POP,M.

POPOV,I.L.

POSEJPAL,V.

POVARNIN,P.I.

POHER_,R.W. MATTOXtE.N. JOHNSTON,H.L.

POWERS,R.W. MATTOX,E.W. JOHNSTON,H.L.

PRANGS_A_G.J. BORSBOOM_L.J.M. KNAAPgH.F.P.

PRAST,G. HARGREAVES,C.M. MIJNHEER,A. VAN

PRAUSNITZ_J.M. BENSON,P.R.

PRAUSNITZ,J.M. MYERS,A.L.

PRAUSNITZ_J.M. KEELE_,R.N.

KRUMHANSL,J.A. (CORNELL

ONTARIO. DEPT. OF

ET AL (LEIDEN

MAL ,H.H.

PRAUSr4ITZ,J.M. (CALIFORNIA UNIV., BERKELEY. DEPT. OF CHEMICAL

PRESNALL.D.C. (CARNEGIE INSTITUTION OF WASHINGTON D. C.)

PRESNALL,D.C. (GEOPHYSICAL LAB. CARNEGIE INSTITUTION OF

PRESNALL,D.C. (CARNEGIE INSTITUTION OF WASHINGTON, D.Co)

PRESTON,G.T. PRAUSNITZ,J.M. (CALIFORNIA UNIV.. BERKELEY.

PRIGOGINE.I. WAELBROCK,F.

PRIGOGINE,I. WAELBROECK,F.

PRIGOGINE,I. BINGEN,R.

PRIGOGINE,I. BELLEMANS.A. MATHOT,V. (LIBRE UNIV., BRUSSELS

PRIOR,W.R.C. ALLIN,E.J. (TORONTO UNIV., CANADA. DEPT. OF

0_PRIOR,W.R.C. ALLIN.E.J. (TORONTO UNIV.. CANADA. DEPT. OF

PROOST-THOOEN VAN VELZENS,J.C.

PROOST-THOOEN VAN VELZEN,J.C.

PRUSAK,J. (CZECHOSLOVAK ACADEMY OF SCIENCES, PRAGUE,

RABINOVICH.V.A.

RABINOVICH,V.A.

RAHMA_,A. (OSMANIA UNIV., HYDERABAD DECCAN, INDIA)

RAICH,J.C. JAMES,H.M. (PURDUE UN]V., LAFAYETTE, IND.)

RAICH.J.C. ETTERS,R.D. (COLORADO STATE UNIV., FORT COLLINS}

RAICH,J.C. ETTERS,R.D.

RAICH,J.C. ETTERS,R.O. (COLORADO STATE UNIV., FORT COLLINS)

RAICH,J.C. ETTERS,R.D. (COLORADO STATE UNIV., FORT COLLINS.

RAISH,J.C. ETTERS,R.D. _COLORADO STATE UNIV., FORT COLLINS)

RAICH,J.C. ETTERS,R.D. (COLORADO STATE UNIV., FT. COLLINS)

RAICH,J.C. ETTERS,R.D.

RAICH.J.C. ETTERS,R.C. (COLORADO STATE UNIV., FORT COLLINS.

RAJA _OPAL,E.S. (INCIAN INST. OF SCIENCE, BANGALORE)

RAJA GOPAL,E.S. VAIGYA,S.N. GAMBHIR,R.D. GOVINDARAJAN,K.

RAKSHIT,A.B. CHOWDHURY,S. (INDIAN ASSOCIATION FOR THE

RAMAKRISHNA,V. SURI,S.K. (INDIAN INST. OF TECH., NEW DELHI)

RAMAMURTHYtA.V. NARSIMHAN,G. (MONASH UNIV., CLAYTON,

RAMANADHAM,M. (OSMANIA UNIV.. HYDERABAO, INDIA)

RAMMLER,E. BREITLING,K.

RAMM,D. MEYER.H. MILLS,R.L. (DUKE UNIV., DURHAM, N. C.

RAMM,O.

RAO,B.K, DAS,T.P. (CALIFORNIA UNIV., RIVERSIDE. DEPT. OF

RAO,B.K, IKENBERRY,C. DAS.T.P. (UTAH UNIV., SALT LAKE

RAO,_:.V.G.
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77506

80223

83992

57826

42455

61549

36045

16883

27932

67641

26603

7681

71300

2231_

25096

27752

2955'_

30313

23186

27933

37587

915

68243

13463

16142

57050

552

6347

6105

44677

25732
27054

77232

52527

3498

13_65

13466

6383

866 OQ

3948
53551

45439

75211

76274

83822

5b,213

669

6224

27120

12540

15359

17442

19003

19403

24823

29210

50791

65729

70317

RAO,;.V.G. GCPALAKRISHNAN,R. (SRI VENKATE3UARA UNIV., TIRUPATI,

RAO,R.V.G. SESHAIAH.V.V. (SRI VENKAIESWARA UNIV., TIRUPAII,

RAO,R.V.G. SESHAIAH,V.V.

RAPIAL,A.S. OANEY,O.E.

RASTOGI,R.P. MADAN,G.L. (GDRAKHPUR UNIV., INDIA)

RAUH,M. (EIDGENOESSISGHE TECHNISCHE HOCHSCHULE, ZURICH.

RAWUKA,A.C. YUNDT.C.G. (DOUGLAS AIRCRAFT CO., INC,, SANTA

RAYLEIGH,L.

RAYLEIGH,F.R.S.

RAZUMOV,V.A. (LENINGRAD POLYTECHNIC INST., USSR)

RECHENBERG.C.V.

REDLICH,O. KWONG,J.N.S.

REDLICH,O. NGO,V.O.T. (CALIFORNIA UNIV., BERKELEY.

REED,R.D. HENDERSON,D. (UNIV. OF WATERLOO, ONTARIO.

REED,R.D. HENDERSON,D.

REED,R.D. HENDERSON,D. CHEN,R-Y. (RES. CENTER, LING-

REEOtR.D. (LTV RESEARCH CENTER, DALLAS, TEX.)

REED,R.D. HENDERSON,C. CHEN,RU-YONG {LTV RESEARCH

REE,T.S. REE,T. EYRING,H. (UNIV. OF UTAH, SALT LAKE

REGNAULT,M.V.

REICHENBACHER,W. KLEMM,A.

REIF,F. PURCELL,E.M.

REITE_.F.W. (EUROPEAN ATOMIC ENERGY COMMUNITY, ISPRA. ITALY)

REYNES,E.G. THODOS,G.

REYNOLDS,T.W.

REYNOLDS,R.W.

RHODES,E.J.,JR.

RHODE$,J.E.,JR.

RIBAUO,M.G.

RICCI,F.P. (ROME UNIV.. ITALY)

RICHARDSON,H.P. GORDON,J.L. ET AL

RICHARDSON,O.W. DAVIDSON,P.M.

RICHARD,C.E. WALTERS,FoM. (AIRESEARCH MFG., CO., LOS

RICHTEROVA,V.

RIEDEL,L.

RIEOEL,L.

RIEDEL,L.

RIEGGER,H.

RIEHL,J.W. FISHER,C.J. BALOGA,J.D. KINSEY,J.L. (PENNSYLVANIA

RIETVELD,A.O. VAN ITTERBECK,A.

RIMPEL,G. MEFFERT.A.

ROBACK,R.

ROBERTS,R.J. DAUNT,J.G. (STEVENS INST. OF TECH., HOBOKEN, N. J.

ROBERTSON,A.G. (AUSTEALIAN NATIONAL UNIV., CANBERRA. RESEARCH

ROBERTS,R.E. BERNSTEIN,R.B.

ROBSON,J.H. CANNON.W.A. ENGLISH,W.D.

ROCARD,Y.

RODEBUSH,W.H.

ROOEBUSH,W.H.

RODER,H.M.

RODEP,H.M.

RODEE,H.M.

RODER.H.M.

RODER,H.M.

RODEF,H.M.

RODER,H.M.

RODEP.H.M.

ROOER,H.M.

RODER,H.M.

GOODWIN,N.D.

DILLER,D.E.

WEDER,L.A.

WEBER,L .A.

WEBER,L,A. GOOOWIN,R.O.

GOODWIN,R.D.

GOOOWIN.R.Do

WEDER,L.A. GOOCWIN,R.D.

MCCARTY,_ .0. JOHNSON,V.J.

DILLER,D.E. (NATIONAL dUREAU OF STANDARDS,
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81] 165

11789

13476

13492_

29130

3838 ._

7 e_2"/'1

27935

54414

41771

1739_

_1560

4768_.

57_0

25332

78655

17625

36396

50937

3402

6064

22496

27241

53020

53624

57829

5995S

81996

58584

87570

33139

56701

74574

70969

27937

28149

7_056

6169

57472

73212

61495

63572

4135_

7735

63137

438 72

8107

32276

35646

360 11

36384

40686

40737

42113

58631

64381

68370

70d2q

RODE_,H,M. MCCARTY,_.3. JOHNSON,V.J. (NATIONAL BUREAU

RODEP,H.M. MCCARTY,F.O. HALL,W.J. (NATIONAL BUREAU OF

ROGEPS,J.O. ZEIGLER,R.K. MCWILLIAMS,P.

ROGE_S,J.D. ZEIGLER,R.K. MSWILLIAMS,P.

ROGEFS,J.D. ZEIGLER,K. MCNILLIAMS,P.

ROGE_:;,J.D. BRICKWEDEE,F.G.

ROGEPS,J.D. BRICKWEDOE,F.G. (LOS ALAMOS SCIENTIFIC LA3.,

ROGE_S,F.J. NEECE,G.A. HOOVER,W.G. ROSS,M.

ROHMANN,H.

RONCIN,J-Y. dAMANY,N. RCMAND,J. (CENTRE NATIONAL DE LA

RONTGEN,W.G.

ROS_N_AUM,B.M. LEVITT,L,

ROSEHNAUM,B.M. THODOS,G. (NORTHWESTERN UNIV., EVANSTON, ILL.}

ROSEVEAR,A.H.M. WHITING,G. ALLIN,E.J. (TORONTO UNIV.,

ROSSINI,F,O.

ROSS,M. HILDEBRANO,J.H. (UNIV, CALIFORNIA, BERKELEY}

EOS3,M. (CALIFORNIA UNIV., LIVERMORE. LAWRENCE LIVERMORE LAB.}

ROTT,L,A.

ROY,A.S. ROSE,M.E.

ROY,D. THODOS,G. (NORTHWESTERN UNIV., EVANSTON, ILL.)

ROZEN,A.M.

RUDENKO,N.S.

RUDENKO,N.S.

PUDENKO,N.S.

RUDENKO,N.S.

RUDZNKO,N.S.

RUDENKO,N.S,

RUOEN_O,N.S.

KONAREVA,V,G.

KONAREVA,V,G.

SLYUSAE,V.P, (AKAOEMIYA NAUK UKRAINSKOI SSR,

SLYUSAF,V.P.

SLYUSAR,V.P. (AKADEMIYA NAUK UKRAINSKOI SSR,

SLYUSA_,V,P.

RUHEMANN,M.S.W. MERCER,S. (PETROCARBON DEVELOPMENTS LTD.,

RUNGE,R.

RUOFF,A.L.

RUSSELL,J.L.,JR, BEYSTEE,J.R. BROWN,J.R. ET AL

SABNI_,S.T.

SABNI_,S.T. WENZEL,L.A. (LEHIGH UNIV., BETHLEHEM, PA, DEPT.

SACEP]OTI,G. (COMITATO NAZIONALE PER L ENERGI NUCLEARE,

SACKU_,O.

SACKU_,O.

SAIKA,A. MUSHER,J.I. MIYABE,N. (YESHIVA UNIV., NEW YORK, N. Y.

SALCEANU,C. BOJIN,S.

SALZM_N,P.K. COLLINGS,A.F. PINGS,C.J. (CALIFORNIA INST_ i

SAMUYLOV,YE.V. TSITELAURI,N.N.

SANCIER,K.M. WISE,H. (STANFORD RESEARCH INST., MENLO PARK,

SANCI{R,K.M. WISE,H. (STAN=ORD RESEARCH INST., MENLO PARK,

SARAN,A. BARUA,A.K. IINCIAN ASSOCIATION FOR CULTIVATION OF

SATOU,T. YUYI,S. KINJI,T.

SATO,K. ISHIOA,K. (SHIZUOKA UNIV,, HAMAMATSU, JAPAN)

SATTAR,A.

SAUREL,J.R.

SAXENA,S.C. MATHUR,B.P.

SAXENA,S.C. AGRAWAL,J.P. (ATOMIC eNERGY ESTABLISHMENT,

SAXENA,S.C. MATHUR,B.P. (RAJASTHAN UNIV., JAIPUR, INDIA,

SAXENA,S.C. PAROESHI,P.A.

SAXENA,S.C. SAKSENA,M.P, GAMBHIR,E.S. (RAJASTHAN UNIV.,

SAXE_JA,S.C. DAVE,S.M.

SAXENA,S.C. MASON,E.A. (MARYLAND UNIV., COLLEGE PARK}

SAXENA,S.C. GUPTA,G.P, (PURDUE UNIV., LAFAYETTE, IND.)

SAXENA,S.C. GUPTA,G.P, (ILLINOIS UNIV., CHICAGO. OEPT. OF

SAXENA,S.C. SAXENA,V.K. (ILLINOIS UNIV., CHICAGO. DEPT.

SAXENA,S,C. TONDON,P.K. (ILLINOIS UNIV., CHICAGO. DEPT. OF
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83962

22237

5727

6415

10799

15651

8732

16232

26733

26604

_645

24756

5415cj

5_507

5726

6097

56677

40724

39994

23482

_712

24316

70750

6110

17999

1944_

26734

62125

70263

81697

60925

52737

67271

7148m

47572

_917_

43092

28699

7747

77k8

68784

6149

6378

811_

30020

64033

2274_

83296

82361

86962

68790

77171

884

57690

27386

3_442

70041

60339

60340

(INDJSTRIAL NUCLEONICS CORP.,

WALOMANN,L.

(MAX-PLANCK-INSTITUT FUR

(YORK UNIV.,

COLUMBUS,

TORONTO, ONTARIO.

SAXENA,S.C.

SCHABER,A.

SCHAEFER,C.A. THOOOS,G.

SCHAE_ER,C.A. TH00OS,G.

SCHAEFER,C.A. THODOS,G.

SCHAEFEP,C.A.

SCHAFER,K.

SCHAF£R,K.

SCHAFER,K.

SCHALKWIJK,J.C.

SCHAMES,L.

SCHAMZS,LEON

SCHAMES,L.

SCHAME_,L.

SCHEEL,K. H_USE,W.

SCHZEL,K.

SCHEIWE,J.P. CHO.3.Y.

SCHI_bEWAHN,J. KLEMH,A.

SCHLUNDER,E.U. ZEMLIN,H.

SCHMAUCH,G.E. SINGLEION,A.H.

SCHMIDT,W.

SCHMIOT,F. SCHNELL,H.

SCHMIDT,C. SCHIFF,H.I.

SCHMIO,C.

SCHMITT,KARL

SCHMOLKE

SCHNEIOER,E.

SCHNEIDER,T. (SWISS FEDERAL INST. OF TECH., ZURICH)

SCHNEPP,O. (UNIVERSITY OF SOUTHERN CALIFORNIA_ LOS ANGELES.

SCHOEPPEL,R,J.

SCHOLZ,W.Ho (LINOE A.G., MUNICH, GERMANY)

SCHOTT,W. RIETSCHEL,H. GLASER,W. (MUNICH TECHNISCHE HOGH-

SCHOTT,W. (MUNICH TECHNISCHE HOCHSGHULE, WEST GERMANY.

SCHOTT,W. (KERNFORSCHUNGSZENTRUH, KARLSRUHEt WEST GERMANY.

SCMUCH,A.F. MILLS,L. DEPATIE,D. (LOS ALAHOS SCIENTIFIC

SCHUCH,A.F. MILLS,R.L. DEPATIE,O.A. (LOS ALAMOS SCIENTIFIC

SCHUIL.A.E.

SCHULZ,W.R. LE ROY,D.J. (TORONTO UNIV.. ONTARIO, CANADA)

SGHWEIKERT,G.

SCOTT,G,A.

SCOTT,G.G. SMITH.G.W. F_Y,D.L. (GENERAL MOTORS RESEARCH

SCOTT,R.B. BRICKWEDDE,F.G.

SCOTT,_.B. BRICKWED_E,F.G. UREY,H.C. WAHL,M.H.

SCOTT,_.B. BRICKWEODE,F.O.

SEADER,J.D. MILLER,W,S. KALVINSKAS_L.A.

SEAG_AVE,J.D. (LOS ALAMOS SCIENTIFIC LAB., N. MEX.)

SEARS,V.F. VAN KRANENOONK,J.

SEARS,V.F. (ATOMIC ENERGY OF CANADA LID., CHALK RIVE_. CHALK

SEGUIER,F.

SEGUIZR,F.

SEIFFZRT,W.D.

SEIFFERT,W.D.

SELLERS.E.S.

SELLMAIER.A.

SENGERS,J.V.

SENGERS,J.V.

SENGEPS,J.V.

SERDYUK,L.S.

SERDYUK,L.S.

WECKEEMANN,B. HISENTA,R.

AUGOOD,D.R.

(LINDE A. G., MUNICH, GERMANY)

(N3S, WASHINGTON, D. C,)

(NATIONAL BUPEAJ OF STANDARDS,

(NATIONAL BUREAU OF STANDARDS,

(EUROPEAN ATOMIC

WASHINGTON, D.C.)

WASHINGTON, D.C.)
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6608?

26362

1093C

26016

86555

6266

31692
561

1O637

34303

56594

562

83554

73c

25041

57827"

73611

76125

32373

15760

6_610

38807

_170

57'22

6375

6376

16989

16366

22315

3_237

67876

87665

35529

82567

38389

67666

1318_

_,0173

k9786

32355

35564

22882

26_83

27016

71066

768

6013

11100

11115

15681

15567

12097

27162

5e201

79792

18001

19613

6_175
24953

SERDYUK,L.S.

SESSI_R,G. (UNIV. GOETTINGEN, GER.)

SHAFF_R,A, ROUSSEAU,J.

SHAH,H._. HONES,D.R.

SHEREVSKII,B.A. SHVETS,A.D.

SHERIF,I.I.

SHEPIP,I.I.

SHERM_N,R.H. GIAUQUE,W.F.

SHERMAN,R.H. VOGEL,R.E. MOORE,R.H. ET AL

SHERMAN,R.H. HAMMEL,E,F. {LOS ALAMOS SCIENTIFIC LAB.,

SHIEL3S,M.C. (CHICAGO UNIV., ILL,)

SHIMOKAWA,J.

SIELA_KO,J. SOWA,M.

SIEVF_<TS,A. ZAPF,G. MORITZ,H.

SIEV, _, YOOER,S.K.

SIGEL,R. KRAUSE,H. WITKOWSKI,S. (INSTITUT FUR PLASMAPHYSIK

SILVERA,I.F. MARDY,W.N. MCTAGUEtJ.P. (NORTH AMERICAN

SILVERA,I.F. HARDY,W.N. MC TAGUE,J.P. INORTH AMERICAN ROCKWELL

SILVERBEPG,P.M. WENZEL,L.A. (LEHIGH UNIV,, BETHELEHEM, PA.!

SILVERN,D.H.

SIMMLCR,W.

SIMMONS,J.A. GIFI,k.D. MARKELS,M.,JR.

SIMON,F.E.

SIMON,F.E. MENDELSSON,K. RUHEMANN,M,

SIMON,F.E. LANGE,F.

SIMONtF.E.

SIMON,F, RUHEMANN,M. EOWAFDS,W.A.M.

SIMON,F. RUHEMANN,M. EDWARDS,W.A.M.

SIMON,M.

SINDT,G.F. MANN,D.B.

SINDT,C.F, LUDTKE,P,R. RODER,H.M.

SINDT,C.F.

SINELNIKCVA,L.G. EIG,L.S.

SIN_H,S.P, MUKHOPADHYAY,P.K. (ENGINEERS INDIA LTD., NEW DELHI)

SINHA,B.B.P. (PATNA UNIV., INDIA, DEPT. OF PHYSICS)

SINNETT,J.M, (MCDONNELL DOUGLAS CORP., ST. LOUIS, MO.)

SISTER,G.A. SOKOLOV,P.P.

SKRIPKA,V,G.

SLATE_,J.C. KIRKWOOg,J.G. (MASSACHUSETTS INST. OF TECH,9
SLIEKER,C.J,G.

SLIEKER,C.J.G,

SLUIJTER,C,G. KNAAP,H.F.P. BEENAKKER,J.J,M.

SLUIJTER,C.G, JONKMAN,R,M.

SLUIJTER,C.G. (KAMERLINGH ONNES LAB., LEIDEN, NETH.)

SLYUSAR,V.P.

SMITH,A.L. HALLETT,N.C. JOHNSTON,H.L.

SMITH,A.L. HALLETT,N.C, JOHNSTON,H.L.

SMITH,G.H. HOUSLEY,E.M.

SMITH,_.W. SQUIRE,C.F.

SMITh,G.W. SQUIRE,C.F.

SMITH,G.W.

SMITH,I.E.

SMITS,A.

SNEED,C.M.,JR.

SOAVE,G, (SNAM PROGETTI, MILAN, ITALY)

SODOY,P. BE_EY,A.J.

SOL_RIG,C.W. ELLINGIOC_,R.T.

SONNTAG,9.E, (_ICHIGAN UNIV., ANN ARBOR)

SGOTS,VELLO
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3_0E
2_31_
66727
_7571
27105
3623_
35296
67259
81577
79330
26339
673_3
35926
5452_
27160
8051_
6068k
7062_
73618
75153
?9962
55510
31708
42507
78545
8124e

595
59b

117_
227_
5719
5879
601_
6091
7782
9oo6

11238
1270k
15_07
17021
22_12
23790
3]k_6
33966
3565_
?2730
?8.685
17386
32709
36057
11669
30883
807k2
86089
55509
3044 c
36_01
3210;
28153

SOOTS,V. ALLIN,E.J. WELSH,H.L.
SOUOE_S,M,,JR. MATTHEWS,C,S, HURD,C.O.
SPAIN,I.L* ISHIZAKI,K. (MARYLAND UklV*, COLLEGE PARK. DEPT. OF

SPAIN,I.L. ISHIZAKI,K. MARCHELLO,J.M. PAAUWE,J.
SPENCER,H.M. JUSTICE,J.L.

SPENCER-GREGORY,H. COCK,E.H.
SRIVASTAVA.B.N. MADAN,M.P. (LUCKNOW UNIV., INDIA)
STANL_Y,N.E. ELROD,C._. (MCDONNELL DOUGLAS CORP., ST. LOUIS,

STARKSCHALL.G. GORDON,R.G. (HARVARD UNIV., CAMBRIDGE, MASS.
STARLING,K.E. HAN,M.S. (OKLAHOMA UNIV., NORMAN. SCHOOL OF
STAUF.F.W.
STAVELEY,L.A.K. (NATIONAL BUREAU OF STANDARDS, 30ULaER, COLO.

STECKZL.F.A. TSIN,N.M.
STEFAN,J.

STEINER,K.
STEIN,H. STILLER,H. STOCKMEYER,R. (KERNFORSCHUNGSANLAGE
STEIN,W.A. IBRAUNSCHWEIG TECHNISCHE HOCHSCHULE, GERMANY)

STEIN,W.A. (BRUNSWICK TECHNISCME UNIVERSITAET. WEST GERMANY.
STEIN,W.A. (BRUNSWICK TECHNI$CHE HOCHSCHULE, WEST GERMANY.
STEIN,W.A.

STEIN,W.A. (TECHNISCHE HOCHSCHULE BRONSWICK, GERMANY. INST.
STEZSEL,N. FOSTER,R.N. BUTT,J.B. (YALE UNIV., NEW HAVEN,
STEPHENSON,M.E.
STEPMENS,J.Ro GARLICK,R.G.
STETSENKO.YU.E. BOLSHUTKIN,D.N. INDAN.L.A.

STETS_NKO,YU.E. BOLSHUTKIN,D.N. INDAN.L.A. KHUOOTEPLAYA,A.A.
STEWART,S.
STEWART.E.S.

STEWART,J.W.
STEWART,J.L.

STEWART,J.W.
STEWART.J.W.

STEWART,J.W.
STEWAqT.J.W.
STEWART,E*S.
STEWART,R.B.
STEWART,J.W.

STEWART,R,B,

STEWART,R,Bo
STEWART,R,B,
STEWART,J,W.
STEWART,R.B.
STEWART,J,W,
STEWART,J.W.
STEWART,E.S.
STEWART,R.B.

STEWART,J.L. HUBBARD,J.C.

SWENSON,C.A.
SWENSON,C.A.

STEWART,J.L.
JOHNSON,V.J.

JOMNSON,V.J.
GERMANN,F.E.E. MCCARTY.R.D.

TIMNERHAUS,K.D.
(UNIV. VIRGINIA)

RODER,H.M. (NBS, BOULDER, COLD.)
(VIRGINIA UNIV., CHARLOTIESVILLE)
(VIRGINIA UNIV., CHARLOTTESVILLE, OEPT. OF
(JOHNS HOPKINS JNIV., BALTIMORE, MD.)

(IDAHO UNIV., MOSCOW. DEPT. OF MECHANICAL
STICKFORO,G.H.,JR. (JET PROPULSION LAB., PASADENA, CALIF.
STIEL,L,I, THOOOS,G,
STIEL,L,I, THOOOS,G,
STOICHEFF,B.P.
STOLIAROV.E.A. IPATEV.V.V. TEODROVICH,U.P.
STRAU_,D. SCHABER,A. MORSY,T.E.
STRAU@,D. (KARLSRUHE UNIV., GERMANY)

STRAU_.J. IMUNICH TECHNICAL UNIV°, GEEMANY. INST. FUER
STRAUSS,S.W. (AIR FORCE SYSTEMS COMMAND)

STREICH,M.
STRICKLER,H.S.

STULL.O. _ . SINKE,G.C.
STURM,J.
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76175

5873

587_,

22463

66247

7e120

80787

50001

55187
57514

27104

8299O

26682

36399

6228

16317

6497e

571F_

31927

61361

20011

6135F.

52686

87117

65057

65731

/11

67620

16891

63488

44966

1C740

19292

15269

86407

11921

68839

6665_

44085

30782

4307_,

8710

18121

5265_

583_
614D

9981

/,_2751

42644

44229

70833

54514

37886

43883

58893

20943

2943_

5831

SUETIN,P.E, AMIROV,N.S. MAKSYUTOV,R.B. (URALS

SUETIN,P.E. SKAKUNtS.G. CHERNYAK,V.G. (URALS POLYTECHNIC

SUGAWARA,T. M_UDA,Y. KANOA,T. KANDA,E.

SUGAWARA,T.

SUGAWARA,T. MASUDAtY. KANDA,T. KANDA,E,

SUGIE,H, LU,B.C.Y, (OTTAWA UNIV., ONTARIO, BERT. OF

SULLIVAN,N,S. POUND,R.Vo (HARVARD UNIVo, CAMBRIDGE, MASS.

SULLIqAN,N.S. POUNO.R.V. (HARVARD UNIV., CAMBRIDGE, MASS,

SUNGtC.C. (OHIO STATE UNIV., COLUMBUS)

SUNG,$.C, (OHIO STATE UNIV., COLUMBUS, DEPT. OF PHYSICS)

SUNG,C.C. (OHIO STATE UNIV., COLUMBUS. DEPT. OF PHYSICS)
SUROIN,M,

SUSSMANN,J.A. FRIEDMAN,Z. ($OREQ NUCLEAR RESEARCH CENTRE,
SUTHE_LAND,8.P. MAASS,O.

SUTHERLAND,W,

SU,G.J.

SVEHLA,R,A.

SWAMY,M.N. HARRISON, J.A. (LIVERPOOL UNIV., ENGLAND, -DEPT_

SWEIGERT,R.L, BEAROSLEY,M,W.

SWENSON,C.A.

SWINBURNE,R,E.,JR. (BELL TELEPHONE LABS., INC,, WHIPPANY_ N,

SZPIKOWSKI,S. (CURIE-SKLODOWSKA UNIV., LUBIN, POLAND)

TAGASHIRA,H. LUCAS,J. (LIVERPOOL UNIV,, ENGLAND, OEPT, OF

TAHI_-KHELI,R.A, (TEMPLE UNIV,, PHILADELPHIA, PA.)

TAKAHASHI,M, MOCHIZUKI,T,

TAKEZAHA,S. (AIR FORCE CAMBRIDGE RESEARCH LABS., L,G. HANSCOM

TAKEZAWA,S. (AIR FORCE CAMBRIDGE RESEARCH LABS., L, G, HANSGON
TANGL,K.

TANG,K,T.

TANNE_tC.C. MASSON,I,

TAPIA,O. BESSIS,G. BRATOZ,S. (CENTRE DE MECANIQUE
TAPPE#,R,J,

TAUSZ,J. GORLACHER,H.

TAUSZ,J, GORLACHER,H, (TECHNISCHEN HOCHSCHULE, KARLSRUHE)
TAYLOR,W,J,

TAYLO_,D,W. DE REMIGIS,J, (MCMASTER UNIV., HAMILTON, CANADA,
TECHO,R,

TELINDE,J.C. (MCDONNELL DOUGLAS ASTRONAUTICS CO,, HUNTINGTON

TEMPELMEYER,K.E. (ARO, INC., ARNOLD AIR FORCE STATION, TENN,)

TERRIEN,J. PRESTON'THOMAS,H, (BUREAU INTERNATIONAL DES POIDS
TERQY,J,E,

TER HARMSEL,H. VAN EIJK,H. DURIEUX,M.

TETZLAFF_W,

THEEUWES,F.

THIBAULT,J.J. ROUSSEL,J. MENTION,J% MENARD,J. lAIR LIQUI-
THOMAS,L,B.

THOMAS,L.B. OLMER,F.

THOMPSON,W,

THOMPSON,W.R. GEERY,E,L.

THURSTON,_,S.

THURSTON,R.S.

TIETZ,T, (WEST VIRGINIA UNIV.,

TILTON,L.W.

TIMMERHAUS,K.D. (COLORADO UNIV., BOULDER)

TIMROT,D.L. UMANSKII,A.S.

TIMROT,D.L. LYUSTERNIK,V.E.

TKACHZNKO,E.A. HOLLERAN,E.M.

TODO;OV,T.TS. SENDOV,S.KHR.

TOMITA,K. MANNARI,I.

(KAMERLINGH ONNES

MORGANTOWN, DEPT, OF PHYSICS)

(HIGH TEMPERATURES

TETERINA,I.N.

HOSES,R.A.

RESEARCH INST,}
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5832
71882

74741
19992
3273_

786

6755
45271

604

17962
18000
18837
1883_
188_3
26003
26004
26006

26007
2600B
26012
26745
42281
43123
50681
509?0
14959
16076
16078
16219
61k16
13755
45244
66575
38170
40176
8039_
30134:
6275

32461

7331_.
_7324
67867

625 92
40839

6816
_494e
45413
61373
49932

657
693

5825
10739
42122

6877_
639

50960
27951
55221,

TOMITA,K.
TONOONoP.K. SAXENA,£.C. (RAJASTHAN UNIV., JAIPUR,
TONDON_P,K. SAXENA,S.C, (RAJASTHAN Ur_IV., JAIPUR,

TOWLE,L.C.
TOWLE,L.C. (VIRGINIA UNIV., 3HARLOTIESVILLE)
TOWNSEND,J.S.

TOWNSENO,J.S.
TRAFTON,L.M. (CALIFORNIA INST. OF TECH., PASADENA)

TRAUTZ,M. MELSTER,A.

TRAUTZ,M. LUOEWIGS,W,
TRAUTZ,M. BINKELE,H.E.
TRAUTZ,M. KAUFMAN, F.
TRAUTZ,M. TRAUTZ,O.

TRAUTZ,M. ZUNDEL,A.
TRAUTZ,M. NARATH,S.

TRAUIZtM_ KURZ,F.
TRAUTZ,M, SORG,K.G.

TRAUTZ,M. WEIZEL,W.
TRAUTZ,M. HEEERLING,_.
TRAUTZ_M. ZIMMERMAN,H,

TRAUTZtM, STAUF,F.W.
TRAUTZ,M. HUSSEINI,I. (HEIDELBERG UNIV., GERMANY)
TRAUTZtM. ZUNDELtA.
TRAUTZ,M. (HEIDELBERG UNIV., WEST GERMANY)

TRAUTZ,M, (HEIDELBERG UNIV., WEST GLRMANY.

TRAVEIIS,M.W. SENTER,G. JAOUEROD,A.
TRAVERS,M,W. JAOUEROD,A.

TRAVERS,M.W. JAQUEROO,A.
TRAVERS,M.W. JAQUERGL,A.
TREFLER,M. CAPPEL,A.M. GUSH,H.P. (TORONTO UNIV. t

INDIA.
INDIA.

ONTAR1O.

TREVIrlO ARIZPE,R.
TRIMBLE,G.D. HOUGHTON,G.K. PROFIC,A.E.

TRIMBLE,G.D. SELPH,W.E.
TRUDITSYN_V.P. (SHMIDT (O,YU.) INST. OF GEOPHICS, ACADEMY OF
TRUBITSYN,V.P. SCHMIDT,O.YU. (GEOPHYSICS INST., ACADEMY OF

TRUBITSYN,V.P. (AKADEMIYA NAJK SSSR, MOSCOW. O. YU. SHMIDT

EMELYANOVA+E,A,

TRZECIAK,M.
TSEOERBERG,N,V.
TSEDEROERG,N.V. POPOV,V.N. ANDREEV,I.I.
TSIKLIS,D, MASLENNIKOVA,V, GORYUNOVA,N.

T$OIMAN,G.I. KAMENETSKII,V.R.
TSOIMAN_G.I. KAMENETSKII,V.R.
TSONOPOULOS,C, PRAUSNITZ,J.M. (BUREAU
TSUZUKI,T, (YOKOHAMA CITY UNIV., JAPAN)

TUCKER,W.S.
TULLY,P.C, ESTES,J.M.
TURK,R,A. HUNTER,J.L.

TURNEY,G.E. SNYOER,R.W.
TWARC,E. ARMSTRONG,R.L. (TORONTO

UBBELOHDE,A._.
UBBINK,J.B.
UBBINK,J.B.
UBBINK,J.B. DEHAAS,W.J.

U@BINK,J,B.
UDOVI_CHENKO,B.G. MANZHELII,V.G.
UEMAEa,K.

UEYAMA,H, MATSUBARA,T.
UMLIG,H.H. KIRK_OO0,J.G, K[YES,F.G.

ULSAMER,J.

OF MIhES, AMARILLO,

UNIV., CNTARIO, CANADA)

(AKADEMIYA NAUK UKRAINSKOI

(KYOTO UNIV., JAPAN. 9EPT. OF
(MASS, INST. TECHNOL.+
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51195

59745

64320

74946

87735

5130

27D9 _

64581

53292

60062

6008_

3580_

24651

75050

580_

6776

1225O

2107_

26017

29964

30(*73

36792

36819

56722

28624

44758

51360

11001

11136

54231

11241

40375

47933

34

.... 684

720

7_.4

745

1187

2136

. 274E,

3729

4591

5710

5711

5759

5810

5811

5812

5615

6177

6274

63_.4

6363

6372

7839

7843

9963
10682

ULY_]'I,S._. MALYSHEtQKO,S. P.

ULYaIN,S.A.

ULY_I_,S.A. HALYSHENKO,S. P.

ULYgIH,SoA. MALYSHENKO,S.P.

UNLAN].H.D. TIMMEPHA_S,K°D.

UREY,H.C.

UREY,H.C. T_AL,G.K.

URQUHART,J.B.,III

VAIDY_,S.N. GO_AL,E.S.R°

VALLEY,L°M. AMME,R.C.

VALLEY,L.M. AMME,R.C.

VAND_N_OOM,J.L.

VAN3_ AREND,P.C° CHELTON,D.B.

VANdtR WALL,E.M. (AEROJET GENERAL

VANLAARtJ.J.

VAN AGT,F°P. ONNES,H.K°

VAN AGT_FoP.G.A.J,

VAN AGT,F.P.G.A.'J° ONNES,H.K.

VAN CLEAVEyA.Bo MAASStO.

VAN CLEAVE,A°B. MAASS,O.

(ACADEMY OF SCIENCES OF THE USSR,

KROPSCHOT,R.H. (COLORADO UNIV.,

VAN HORN,H.M.

VAN ITTERBEEK.A°

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK_A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEKtA.

VAN IITERBEEK.A.

VAN ITTERBEEK.A.

VAN ITTERBEEK_A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEKtA.

VAN ITTERBEEKtA.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

VAN ITTERBEEK_A°

VAN ITTERBEEK,A.

VAN ITTERBEEK.A.

VAN ITTERBEEK.A.

VAN ITTERBEEK,A.

VAN ITTERBEEK,A.

(INDIAN INST. OF SCIENCE. BANGALORE)

(DENVER UNIV°, COLO.}

(DENVER UNIV., COLO. DEPT. OF PHYSICS}

No

(NBS, BOULDER, COLO.}

CURP., SACRAMENTO, CALIF.

VAN CAEL,W. VAN ITTERBEEK,A° COPS,A. ET AL (INSTITUUT

VAN DAEL,W. VAN ITTERBEEK,A. COPS.A. THOEN,J. (INSTITUT
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7. SECTION A, DESCRIPTIVE SHEETS

LIST OF DESCRIPTIVE SHEETS
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A-0

General Information

Hydrogen is the first element in the periodic table having the atomic

number of 1 and therefore the lightest of all gases. On the earth, hydrogen

occurs chiefly in combination with oxygen as water. It is the most abun-

dant element in the universe. It is a colorless, tasteless and odorless

gas and liquefies at atmospheric pressure at -252.88°C (20.27 K).

Uses: In recent years hydrogen has been used extensively as a rocket fuel

in the space effort. It is now being seriously considered as a renewable

fuel for purposes where petroleum fuels are being used.

Other uses of hydrogen include a means of a confined high temperature

flame for welding and commercially for the hydrogenation of fats and oils.

Preparation: Methods of preparation include, steam on heated carbon,

decomposition of certain hydrocarbons by heat, the electrolysis of water

and by displacement from acids by certain metals.

Discussion: Exposure of certain metals and alloys to hydrogen cause a

reduction in their structural strength. This phenomenon is known as

"embrittlement". The subject of hydrogen embrittlement is beyond the

scope of this study. The reference of [96890] is suggested to the interested

reader.

L
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Compressibility Coefficient

 <0v}Definition; The compressibility coefficient is defined as - _ _-_ T

Tables of Values: This quantity is not tabulated here but it may be easily

obtained by forming the product of P times the isothermal compressibility

(see A-4). The reciprocal of the isothermal compressibility, V(_P/aV) T is

tabulated in Tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c.

A-I

Units Range of Table Table Location

Dimensionless 13.8 - 3000 K .01 - i00 MPa C-2, C-2b

Dimensionless 24.845 - 5000 R 1.0 - 15,000 psi C-2a, C-2c

Dimensionless _turation boundary C-5,C-5a,C-5b,C-5c

Note: The tables reflect no differences for this property

due to ortho-para modifications.

Graph: None

Equation: See A-II

Range of Values: (Para and Normal)

Units Triple Point Boiling Point Critical Point 300 K

liquid vapor liquid vapor 1 atm

Dimen-
7.79 x 10 -5 1.02 2.02 x 10 -3 1.12

sionless

1.0

Uncertainty: For values derived from tables listed above, the uncertainty

varies from 0% in the low density limit to about 3-4% at 5000 psi and 10% at

15,000 psi. In the critical region (T c ± 5% and Pc ± 20%) the uncertain-

ties are greater and very difficult to estimate as the property diverges

at the critical point.

References:

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tec. Note 617

(Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

[29210]

[80777]

[96341]
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A-I

References of Special Interest:

Solid: 487 5719 5879 6014

High Pressure Gas: 6995 13780

Ortho-Para Differences: 13558

Sources reviewed but not used:

6768

26659

11238 15481 68779 78548

442 728 1174 3754 5904 6091 6328 7355 8044 12357

15022 16295 17018 19645 20896 30473 30756 32804 34613 41169

58956 64932 6765 80375 81210 86305

r

L
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A-2

Accommodation Coefficient

Definition: The accommodation coeffieient, a, is defined as the ratio

-- _ E l

a = (E i Er)/(E i r )

where (E i - E r) is the mean energy change of molecules colliding with a wall

and (E i - E r) is the mean energy change if the molecules come into thermal

equilibrium with the wall.

Discussion: The accommodation coefficients of gasses on solids are used to

estimate heat conduction by gases at low pressures (p < 0.1 mm Hg).

The accommodation coefficient is a function of the gas, the temperature,

and the characteristics of the solid surface, especially the smoothness and

cleanliness. In general, the lighter the gas, the higher the temperature and

the smoother and cleaner the surface, the smaller is the value of the accom-

modation coefficient. The coefficient is independent of the pressure if the

pressure is sufficiently high (p _ 0.i mm Hg) to insure a monomolecular gas

film on the solid surface.

Tables of Values: None

Graph: None

Equation: None

Ran@e of Values:

Units at room temperature, p _ .i mm Hg

dimensionless a = .311 on platinum [10845]

Uncertainty: The uncertainty is estimated to be ± 1%.

Sources reviewed but not used:

1293 5494 5511 5839

10845 17074 18878 26930

53959 61674 68411 70750

6140 6217 6323 6413

36234 45041 50149 50666

_
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A-3

Compressibility Factor

Definition: The compressibility factor is defined as Z = PV/RT.

Tables of Values: This quantity is not tabulated but may be simply obtained

by forming PV/RT from the tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c.

Graph: B-3

Equation: See A-II

Range of Values:

Units Triple Point Boiling Point

liquid vapor liquid vapor

Critical Point 300 K,I atm

Dimen- .00161 .9852 .01712 .9060 .3024 1.0006

sionless

Uncertainty: The uncertainty of Z derived from the tables in section C will

correspond to the uncertainty of the PVT in the above tables. McCarty and

Weber [80777] estimated these uncertainties to be:

Temperature Range Pressure Range

700 - 3000 K 1 - 100 MPa

300 - 700 K 1 - 35 MPa

300 - 700 K 35 MPa - 100 MPa

13 - 300 K 1 - 100 MPa

+ 5%, Pc + 20%Critical Region T c - -

Uncertainty in Density

1 % (extrapolation)

O.5%

0.i % (except critical region)

6 %

The uncertainties quoted here are for parahydrogen (see introduction) the

tables in section C reflect no difference in Z between the normal and para

modifications. To estimate the uncertainties for the normal hydrogen tables,

add 0.1% for temperatures above 100 K; 0.2% for temperatures between critical

and 100 K and 0.4% for the compressed liquid region.

V
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A-3

ORTHO-PARA Differences: There is probably a very small difference in

densities (less than 0.1%) between the ortho and para modifications. An

exception is the saturated vapor and liquid densities where the difference

is larger due to a difference in the vapor pressure curve. See A-48 and B-48.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

76648,

87705

29881

[80777]

References of Special Interest:

High Pressures: 12791, 21853,

High Temperatures: 24116, 76648,

Solid: 487, 11238, 29550,

Low Pressure, Low Temperature Gas:

References reviewed but not used:

439, 453, 494, 634, 801, 1603,

5123, 5366, 5429, 5522, 5523, 5567,

6191, 6193, 6326, 6328, 6368, 6507,

7103, 7362, 7425, 7558, 7589, 7748,

8716, 8719, 9008, 9444, 9492, 10647,

81975, 87705

12596

3498,

5688

6840

7852,

10742

16107

25268

37187,

54948,

74545,

5120,

6069,

6912,

7889,

11242,

16378,

25732,

37427,

55969,

72638,

5122,

6162,

6914,

8703,

12704,

16876,

25952,

40767,

56804,

85126

13781, 14794, 16097, 16098, 16099, 16106,

16883, 16891, 18502, 19403, 21078, 21794,

27932, 29150, 29229, 30286, 30452, 34613,

42114, 45966, 48307, 48467, 50971, 51145,

61379, 64082, 67641, 68410, 71300, 72638,

!

!
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A-4

Isothermal Com_ cessibility

Definition: The isothermal compressibility is defined as _T = V _--P T

Tables of Values: The reciprocal of the isothermal compressibility is given

in Tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c.

Units Range of Table Table Location

MPa -I 13.8 - 3000 K .01 - i00 MPa C-2",C2b*

-I
psia 24.8 - 5000 R 1 - 15,000 psi C-2a*,C-2c*

MPa -I saturation boundary C-5",C-5b*

-i
psia saturation boundary C-5a*,C-5c*

*Note: To make the table entries positive, - i/_ T is tabulate The

isothermal compressibility is a negative quantity.

Graph: None

Equation: See A-II

Range of Values:

Units Triple Point Boiling Point Critical Point 300 K,I atm

liquid vapor liquid vapor

MPa -I -l.10xl0 -2 -145. -1.99xi0 -2 -ii.i _ -I0.

psi -7.63x10 -5 -1.0 -1.37x10 -4 -7.63xi0 -2 -6.80x10 -2

Note: The tables in section C reflect no differences in this property for

the normal and para modifications.

Uncertainty: The uncertainty for values obtained from the tables in

section C varies from 0% in the low density limit to about 3-4% at 5000 psi

and 10% at 15,000 psi. In the critical region (T c ± 5% and Pc ± 20%)

the uncertainties are much greater and very difficult to estimate as the

prc :ty diverges at the critical point.

L
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References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80777]

[96341]

References of Special Interest:

Solid: 487, 5719, 5879,

68779, 78548

High Pressure Gas: 6995, 13780,

Ortho-Para Differences: 13558

Sources reviewed but not used:

See A-2

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

6014, 6768, 11238, 15481,

26659

A-4
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A-5

Dielectric Constant

Definition: The dielectric constant of a material may be defined as

= C (P,T)/C (0,T)

where C(P,T) is the capacitance of a capacitor whose plates are separated

by the material at pressure P and temperature T, and C(0,T) refers to the

capacitance of the same capacitor in a vacuum. In practical situations

corrections are often applied for pressure distortion of the capacitor.

The equation assumes no stray capacitances, i.e., the electric field is

affected only by the dielectric material.

Note: The dielectric constant is also known as specific

inductive capacity.

Tables of Values: This quantity is tabulated in the tables in section C.

f

Units Range of Table Table Location

Dimensionless

Dimensionless

Dimensionless

0.01 - i00 MPa 13.8 - 3000 K

1.0 - 15,000 psi - 24.845 - 5000 R

saturation boundary

C-2, C-2b

C-2a, C-2c

C-5,C-5a,C-Sb,C-5c

Graph: B-5, B-5a, B-5b

Equation: The dielectric constant for the fluid parahydrogen may be

calculated from

c-i

8+2 = Ap + Bp 2 + Cp 3

where A -- 0.99575, B = -0.09069, C = 1.1227, and _ is the dielectric constant.

The density, p, must be in the units of g/cm 3. The equation is valid over the

range of the tables and may be extrapolated in the fluid phase with reasonable

results.

Ortho-Para Modifications

32363 41438 66761

I00
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Solid Phase

48376

Range of Values:

52135 52149 68779 73601 80376 83866

Units Triple Point Boiling Point Critical Point 300 K

liquid vapor solid liquid vapor 1 atm

1.252 1.0004 1.285 1.229 1.004 1.0980 1.00025

Uncertaintz: The uncertainty of E-I is estimated to be no greater than 0.1%

for the fluid phase and 0.2% for the solid phase.

References:

[22412]

[52135]

[83866]

A-5

Stewart, J. W., J. Chem. Phys. Vol. 40, No. ii, 3279-3306 (Jun. 1964).

Younglove, B. A., J. Chem. Phys. Vol. 48, No. 9, 4181-6 (May 1968).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

Sources reviewed but not used:

i0 219 638 664 684 711 939 2020 4403

5495 5541 5675 5710 5780 5789 6162 6165 6371

12019 13546 13777 14219 14223 14224 14226 14541 14544

23360 23545 24731 24782 25290 25732 25952 26502 26607

27935 27951 28603 28604 32363 32953 33511 33966 34352

34510 41438 42114 43369 47030 48376 48404 48582 52149

53420 54294 59402 61017 61549 65729 66566 66761 67052

67053 67122 68779 68981 70969 72574 73081 73601 80777

80375

!
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A-6

Diffusion Coefficient

Definition: The diffusion coefficient is defined as the coefficient relating

the flux of a given species in a mixture to the concentration gradient of the

species under isothermal conditions. For a binary mixture of species i and j:

~1J' = -Dij grad Ci

where _i is the mass flux of i, and C i the gradient of concentration, and Dij

the diffusion coefficient. Diffusion is usually thought of as a property of

mixtures; however the term self diffusion, as the name implies, refers to a

diffusion of a single species. There is, of course, no true means of mea-

suring such a quantity so the process is simulated using different isotopes

of the same species. A third type of diffusion appears in the literature for

hydrogen where the binary mixture is that of molecules with different nuclear

spin orientation, i.e., ortho-para mixtures.

Thermal Diffusion

Definition: In a binary system where a temperature gradient exists the above

equation should be extended to

= ., - DT
_i -DI 3 Vci lj _n T

where DT. is the thermal diffusion coefficient. The same extension to
13

isotopic and ortho-para mixtures is made.

The information on the diffusion of hydrogen has been categorized accord-

ing to the above definitions and the references are listed below.

Equations:

From Kinetic theory; for a dilute gas

D. a T 3/2
13

and at room temperature D. for hydrogen systems is about 1 cm2/sec; T is
13

temperature.

102
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J

For liquid or gas disolved in a liquid

= constant
T

where _ is the viscosity of the mixture and T is temperature.

a liquid is about 10 -4 cm2/sec.

Diffusion

Isothermal

27837(Kr) 28119(12 systems)

41790(S02, C2H5C1, H20) 47030(He)

38582(N2,A) 39336(N 2)

54014 (Kr) 57748 (Kr)

Thermal

Argon 34551 41361 51360 73805

Krypton 27837 34551 51360 54014 57748

Xenon 32276 35294 40737 55189 61492

CO 2 20111 41361 42113 42455 83448

t

SO 2 41790

H20 39828 41790

N20 69968 83554

02 1187 35656

CO 35656

N 2 745 1187 10682 35656 41361 42455

73805 75636 83448

Ne 962 69624

He 4 1187 10684 31624 32355 32686

35656 39330 41365 44758 45862

55588 61492 66748 70887 73805

He 3 51360

Self Diffusion

Isothermal

8784 28119 31498 35559 37961

41365 47030 50824 54886 66011

High Temps 43735 44818

Solid 79021

103

8382

39486

Dij for H 2 in

73805

73805

61492 72326

35686 35653

51360 52001

38567 39330

67014 84599

A-6
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A-6

Thermal

11899

36384

40966

71868

Ortho-Para

8754

19328

37587

41359

75572

70887

30309

38556

41361

77424

54131

31624

38564

41365

84887

40285

32355

38572

46150

71868

32686

39330

52420

35653

39691

54131

36011

40724

54886

t

L
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Definition:

Thermal Diffusivity

The thermal diffusivity, a, is defined as

A-7

f

a

k
(I --

p C
P

where k is the thermal conductivity, p is the density and C
P

heat capacity at constant pressure.

is the specific

Tables of Values: This quantity is tabulated in the tables in section C.
F

Units Range of Table Table Location

m2/h 13.8 - 3000 K 0.01 - i00 MPa C-2, C-2b

ft2/h 24.5 - 5000 R 1.0 - 15,000 psi C-2a, C-2c

m2/h; ft2/h saturation boundry C-5,C-5a,C-5b,

C-5c

Graph: None

Equation: None, except above and the equation of state; see A-II.

Range of Values:

.

Units Triple Point Boiling Point Critical Point

liquid vapor liquid vapor

1 atm

300 K
y"

m2/h 0.00053 0.034 0.00052 0.0038 0

ft2/h 0.0057 0.36 0.0056 0.040 0

0.52

5.6

Note: Values for normal and para are the same at these state

points but do differ at other state points.

Uncertainty: The uncertainty of the values tabulated in section C is

estimated to be ±10%, except in the critical region (T c ±3% and pc ± 30%)

and for T < 180 R and P > 5000 psi.

References:

[29210]

[80777]

[96341]

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

L
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A-7

References reviewed but not

745 962 1187

20011 27637 28624

34551 35294 35296

37587 38556 38564

39336 39691 39828

41361 41365 41790

45016 45178 45862

52001 52420 54014

57748 61492 64468

70887 71868 72326

83448 83554 84887

used:

10682

30309

35559

38567

40285

42113

45863

54131

66748

73805

10684

31624

35653

38572

40724

42455

46150

55189

66970

75572

11043

32276

35656

36582

40737

43735

48202

55588

67160

75636

11899

32355

36011

36807

40966

44758

50824

56804

69624

75844

19328

32686

36384

39330

41359

44818

51360

57535

69968

77424

L
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Dielectric Breakdown

Below some critical electric field gradient, called the "breakdown

voltage", hydrogen is an insulator. In recent years, there have been a few

experiments to determine this breakdown voltage for liquid hydrogen. Two

things seem evident from these experiments, first there is a fairly large

dispersion in the measurements (reproducibility in a single experiment

commonly has a 25% scatter) and second the breakdown voltage is quite sensi-

tive to pressure changes, i.e., an increase from 300 KV/cm to 690 KV/cm

was observed when the pressure was increased from 1 to 5 atmospheres at 20 K

(60954).

General References:

19687 43297 58709 60071

74078 74751 82002 87443

Other References:

Gas

13831 48582

73584 84542

60954 68433 70969 73081

52352 60953 67122 68981 71753 72937

Hydrogen in the gaseous phase is, like the liquid, an insulator below

some critical field gradient. When the critical voltage is reached, the gas

ionizes and a corona results and the conduction takes place. This breakdown

voltage follows Paschen's law which states the breakdown voltage, V, does

not change as long as pd is a constant and is proportional to pd.

V _ pd

where p is the density and d is the electrode spacing. This relation is

surprisingly independent of temperature although some investigators (see

for example 29663) claim to have observed temperature dependence at low

temperatures. Also a minimum breakdown voltage for hydrogen has been

observed at about 250-300 volts at a pd of 10 -7 g/cm 2.

A-8

\
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A-8

General References:

786 6015 6755 6800 7142 7206 7211 13058

18763 19687 29599 29663 33790 35528 35529 43297

44818 45268 47612 58079 58326 60954 61549 63755

68177 68627 69196 74751 82002 84542

Hi@h Temperatures:

33790 44818

Electrical Conductivity

Hydrogen is essentially an insulator with a neqligible electrical

conductance except when voltages in excess of the breakdown voltages are

applied. At elevated temperatures where ionization occurs, the gas becomes

an electrical conductor and conductivities for hydrogen to 30,000 K and

40,000 K have been calculated (33790 and 44818).

General References:

627 11264 21181 32953 40311 48359 52352 61549

67713 87443

t
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Enthalpy

A-9

i

Definition: Enthalpy is defined by the equation H = U + PV where U is

the internal energy, H is the enthalpy and PV the product of pressure and

volume. The change in enthalpy is a measure of the heat absorbed by a

system in a constant pressure process. The enthalpy of a substance is a

derived thermodynamic property and may be calculated by means of thermo-

dynamic relationship which require the PVT surface (see section A-II) and

the specific heat capacity (see sections A-15 through 18).

Tables of Values: Tabulated in Tables C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b

and C-5c.

Units Range of Table Table Location

J/g 13.8 - 3000 K

BTU/Ib 25 - 5000 K

J/g, BTU/Ib saturation boundry

Graph: B-37 T-S Chart

B-37a T-S Chart

B-37b H-S Chart

B-37d T-S Chart

Equation: None (see above)

.01 - i00 MPa

1 - 15,000 psia

C-2, C-2b

C-2a, C-2c

C-5, C-5a

C-5b, C-5c

Ran@e of Values The reference state for enthalpy is zero for the ideal gas

at zero absolute temperature (see A-19).

Units Triple Point Boiling Point 300 K, 1 atm

liquid vapor liquid vapor

Para

J/g -308.8 140.3 -256.3 189.3 4199.4

BTU/Ib -132.9 60.36 -110.2 81.45 1806.6

Normal

J/g 218.3 667.4 270.9 716.5 4226.9

BTU/lb 93.92 287.1 116.5 308.2 1818.5

Uncertainty: The uncertainties of the enthalpy values tabulated here varies

somewhat with pressure and temperature. In the region of T < 300 K the un-

certainty is estimated to range from 1.2 J/g at low densities to about

5.0 J/g in the liquid. For all densities at 300 < T < 500 K the uncertainty is

109
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A-9

estimated to vary from 1 J/g at low pressures to about 15 J/g at

the highest pressures. For temperatures above 500 K the uncertainty of the

enthalpy at the lower densities could be much greater especially for tem-

peratures above about 1800 K where disassociation is a large factor.

References:

[29210] Roder, H. M., Weber, L. A. Goodwin, R. D., Natl. Bur. Stds.

[80777]

[96341]

References of Special Interest:

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Stds. Tech. Note 617

(Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press)

Solid: 12596 12830 28604 37208 38237 71082

Ortho-Para Differences: 10930 25952 16163 23482

71082

Equilibrium: 80837

Normal: 14023 6368

High Pressure and/or High Temp;

References review but not used:

28223

17398

419 473 463 508 520 616 658 3867 5493

5512 5921 6063 6063 6069 6257 6276 6393 6838

8130 10218 10742 10882 11102 11271 11283 11940 12540

15740 16447 17166 18502 21750 21794 21853 24314 25355

34613 40191 42282 45529 46118 47303 48307 48467 48572

53551 54004 57689 59747 62625 69556 70584 73677 74375

12830 37208 38237 55972 12596 12161 12018 23790 24782

19403 24823 2948 30350 30659 31708 37427 42644 44229

44439 48376 49619 50479 52676 66011 69647 70317 81975

72638

L
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Entropy

A-IO

Definition: Entropy is defined by the equation dS = dQ/T, or in words:

In any reversible process the change in entropy of a system is equal to the

heat which it absorbs, divided by the absolute temperature. The entropy of

a substance is a derived thermodynamic quantity and many thermodynamic equa-

tions exist which relate the PVT surface of a substance to the changes in

entropy. In addition to the PVT surface, or an equation of state, the

specific heat capacity of a substance is needed to complete the calculation.

Tables of Values: This quantity is tabulated in tables C-2, C-2a, C-2b,

C-2c, C-5, C-5a, C-5b, C-5c.

Units Range of Table Table Location

Graph:

Equation:

J/g-K 13.8 - 3000 K 0 - i00 MPa

BTU/Ib°R 25 - 5000 R 1 - 15,000 psi

J/g-K,

BTU/Ib°R saturation boundry

B-37 T-S chart

B-37a T-S chart

B-37b T-S chart

B-37c H-S chart

B-37d T-S chart

None (see definition).

C-5, C-5a,

Range of Values: The reference state for entropy is the ideal gas at one

atmosphere pressure and zero absolute temperature (see A-19) .

Units Triple Point Boiling Point 300 K

liquid vapor liquid vapor 1 atm

Para

J/g-K 4.964 37.52 7.977 29.97 64.77

BTU/Ib-°R 1.186 8.966 1.907 7.162 15.48

Normal

J/g-K 14.08 46.64 17.09 39.08 70.58

BTU/Ib-°R 3.365 11.15 4.085 9.341 16.87

Uncertainty: The uncertainty of the entropy values tabulated here varies

somewhat with pressure and temperature. In the region T < 300 K, the un-

certainty is estimated to range from 0.04 J/g-K at low pressures to 0.17

iii
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A-10

J/g-K at the higher pressures. For all P at 300 < T < 500 K the uncer-

tainty is estimated to vary from 0.05 J/g-K at low pressures to about

1.0 J/g-K at the highest pressures. For temperatures above 500 K th?

region is again one of extrapolation and the uncertainties are greater

especially for the low pressures at temperatures above 1800 K where dis-

association becomes significant.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Stds.

[80777]

[96341]

References of special interest:

Solid: 9219 12830 12896

71082

Ortho-Para References:

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Stds. Tech. Note 617

(Apr 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press)

16163

25952

Equilibrium: 80837

Normal: 14023 6368

High pressure or high temperature:

References reviewed but not used:

27055 34352 37208 38237 50962

23482 28223 71082 10930 23790

17398

224 275 453 520 561 658 5512 6063 6069

6224 6257 6276 6281 6292 6617 6838 9219 9444

9819 10742 10882 11102 11283 11940 12018 12161 12540

12596 12830 13537 15386 15740 16447 17166 17833 18502

19403 21016 21750 21794 21853 23790 24314 24782 24823

25096 27055 27120 29438 29931 30350 30659 31708 34613

35467 37028 37427 41373 42117 42282 45529 46118 47303

48307 48376 48467 48572 49619 50479 53551 53803 54004

59747 62625 64320 66011 69556 70317 70584 72638 73677

81975
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Equation of State

A-] ]

i

Definition: The relationship between the pressure, temperature and density

of a substance is called the equation of state. This section will be con-

cerned with the mathematical model of the equation of state. Because of the

speed and availability of today's digital computers, the mathematical equa-

tion of state is an extremely useful tool. There are literally hundreds of

these "equations of state" to be found in the literature. To recommend an

equation of state, the detailed requirements must be known, or, to put it

another way, there is no single mathematical model of the equation of state

which will be the best choice for every purpose.

Equations: For the equations used to generate the tables C-2, C-5, C-2a,

C-5a, C-2b, C-5b, C-2C, C-5b see [29210], [80777] and[96351]. For a more

versatile but not quite as accurate equation of state see [91653]. For an

equation of state with realistic critical point behavior see [63091]. For

an equation of state designed for extremely high speed computation but less

accuracy see [80837].

section A-12.

References:

[29210]

[80777]

[63091]

[80837]

[91653]

[96341]

[98426]

See also the main text on computer programs and

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr. 1972).

Goodwin, R. D., J. Res. Natl. Bur. Standards, Sec. A. Vol. 73,

No. 6 (Dec. 1969).

Roder, H. M., McCarty, R. D., Hall, W. J., Natl. Bur. Standards

Tech. Note 625 (Oct. 72).

McCarty, R. D., Natl. Bur. Standards Internal Report, 74-357.

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press)

Roder, H. M., McCarty, R. D., Natl. Bur. Standards, Internal Report

1975 - In press.

Sources reviewed but not used:

Solid: 18852 40176 41169 43872

79779 80394 82990 80829

High temperature and/or high pressure:

41212 41373 76648 78271

56702 71335 79037 79038

20897 25537

79036 81975

33026 38176

113
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A-II

Ortho-Para Differences:

General: 442 494

669 727

5139 5542

6230 6231

6376 6415

6927 6928

7681 7748

8401 8435

10437 10647

11136 11242

12250 12424

14487 14621

16308 16378

18839 18917

19898 19899

20642 20900

22666 22920

25536 26051

27098 27199

28008 28149

29216 29396

31188 31739

35809 37435

41365 41645

47321 47563

50804 50838

54736 54885

56460 59349

62504 63082

64482 66093

80309 80358

8776

517

801

5808

6323

6718

6929

7852

8645

10677

11245

12617

14625

16832

19613

19900

20943

23817

26316

27831

28237

29882

32705

38567

41837

47795

51027

54948

59746

63091

66247

80742

43074

542

995

5967

6326

6733

6995

8314

8732

10846

11346

12725

14766

17960

19646

20182

21078

24724

26648

27838

28650

30138

33660

39335

43270

48290

52153

54964

59747

63710

73618

82417

565

1845

6177

6328

6776

7355

8331

8762

10989

11574

12791

15359

17965

19697

20183

21132

24756

26733

27840

28653

30141

33967

39993

43413

48758

52527

55628

60339

64082

78382

80375

575

3276

6191

6334

6852

7589

8395

9533

11005

11899

12817

16098

18178

19709

20255

21794

24914

26756

27937

28722

30350

34481

40017

44622

49784

53409

56374

61379

64321

79792

86089

634

3541

9194

6368

6926

7611

8399

9545

11037

12231

12855

16200

18707

19896

20547

22174

25268

27053

27949

29141

30694

34613

40173

45598

50164

53998

56376

61502

64383

80223

d
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4

Virial Coefficients

Definition: The virial coefficients are commonly defined in two ways as

follows

P = RTp[I + B(T)p + C(T)p 2 + .... ] and

PV = RT + B' (T)P + C' (T)P 2.

The first two terms of these series may be inverted by the following

2
C (T) - B (T)

B(T) = B' (T) C' (T) = RT

where P is pressure, T is temperature, p is density, V is l/p, R is the

gas constant and the B(T), B' (T) and C(T), C' (T) are virial coefficients of

a power series expansion in density and pressure, respectfully. Both series

are theoretically infinite in length however the coefficients beyond the

first two [B(T) and C(T)] are of less interest because of their complexity.

The temperature at which B(T) = 0 is called the Boyle temperature. Either

of the above two equations is adequate to describe the PVT surface for

densities up to about one-half critical. The coefficients B(T) and C(T)

for hydrogen for the density expansion are given in table C-12. Most equa-

tions of state may be algebraically arranged such that they are in a virial

expansion form and therefore these equations of state may be used to cal-

culate the virial coefficients (see section A-II for equations of state).

Tables of Values:

Units Range of Table Table Location

B(cm3)/mol),C(cm3/mol) 2 13 - 500 K C-12

Graph: None

Equation: The values in table C-12 have been calculated from the following

expressions :

For temperatures below 100 K

B(T) = (biT + b 2 + b3/T + b4/T2)/RT

where b I = 1.9397741 x 103; b 2 = -1.9279522 x 105; b 3 = -2.2890051 x 106

b 4 = 1.1094088 x 107 .

115
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A-12

for T < 55 K; C(T) = (CIT2 + C2T + C 3 + C4/T + C5/T 2 + C6/T3)/RT

There are two sets of the C. coefficients.
1

T = 32.957,
c

One for temperatures below

C 1 = 1.0541776 x 105

C 2 = -1.6597141 x 107

C 3 = 1.0431411 x 109

C 4 = -3.2538718 x 1010

C 5 = 5.1405848 x i0 II

C 6 = -3[3123453 x 1012 ,

and a second set for temperatures between T and 55 K,
c

for

C 1 = 1.6971294 x 103

C 2 = -5.0854223 x 105

C 3 = 6.7284118 x 107

C 4 = -3.8045171 x 109

C 5 = 1.0789413 x 1011

C 6 = -1.1515642 x 1012

a2/T a3{l-(T/a4)a5}].

55 < T < 100 C(T) = ale [i - e

a I - 388.682 a 2 = 45.5 a 3 - 0.6

a 4 = 20.0 a 5 = 4.0.

L
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For temperatures above i00 K

and

4

B(T) = Z bix_2i-4)/4"
i=l

C(T) = COX,/2 [i + Cx_] [i - exp(l - x23)]

A-12

b I = 42.464 x I = 109.781 K/T

b 2 =-37.1172 C o = 1310.5

b 3 =-2.2982 C = 2.1486

b 4 =-3.0484 x 2 = 20.615 K/T

!

Range of Values:

Units 14 K 20 K 100 K 200 K 300 K

B(T)cm3/mol -237.2 146.7 -2.51 10.73 14.38

C(T) (cm3/mol) 2 -1503 608.6 421.7 343.8

!

Boyle Point (B = 0): 112.4 K

Uncertainty: The uncertainty of B is probably a maximum of 5% at the highest

and lowest temperatures. The uncertainty of C is a minimum of 5% between

55 and 100 K and as much as 20% for temperatures below critical temperature.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617

(Apr. 72).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

L
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A-12

References reviewed but not used:

494 565

1845 5139

6733 6776

8732 8762

12855 11899

14766 16098

20183 20547

26051 26733

32705 33026

39993 40173

47563 48758

73618 73660

575 634 669 727 801 995

6191 6326 6328 6334 6368 6718

6929 7589 7852 8399 8401 8435

9533 10846 10989 11005 11242 11245

12231 12250 12424 12725 12817 14625

16378 16832 17960 18178 18707 18839

20900 21078 21794 22920 24756 24914

27831 28237 29216 30141 31739 32363

33967 34506 34613 37435 38176 38567

41212 41365 41837 43413 43872 45598

50804 53998 54885 54964 59349 61502

78382 80742 80375 86089

8776 28223 43074Ortho-Para Differences

L
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Intermolecular Potential Function

A-I 3

Definition: The intermolecular potential function is the potential energy

of interaction that exists between pairs of molecules. Mathematical models

of this function are used to calculate macroscopic properties with kinetic

theory and statistical mechanics.

General Comments: The potential energy of interaction between unlike

molecules, i.e., hydrogen and some other fluid, has not been considered

here. Only those papers which had some relevance to H 2 - H 2 interactions

have been retained in the index below.

The Lennard-Jones Potential: The most common potential to the literature

is the Lennard-Jones or 12-6 potential:

_(r) = 4E [ (_)12 _ (_)6].

Where _(r) is the potential energy of interaction, r is the intermolecular

separation, g is the maximum energy of attraction, and a is the intermole-

cular separation for which _(r) = 0. o is sometimes referred to as the

molecular diameter. Typical values for hydrogen are No = 15.6 cm3/mol and

c/K = 36.7 [8762] where N is Avogadro's number. The above parameters for

the Lennard-Jones potential have been shown [49455] to be temperature and

property dependent. A new potential model has been developed [70403], [84357]

which has shown significant improvement over the Lennard-Jones, unfortunately

parameters for hydrogen are not yet available.

References

[8762] Michels, De Graaff, W. and Ten Seldom, C., Physica Vol. 26, No. 6,

[49455]

[70403]

[84357]

393-408 (Jun 1960).

Hanley, H.J.M., and Klein, Max, NBS, Tech. Note No. 360 (1967).

Klein, Max, and Hanley, H.J.M., J. Chem. Phys. 53, 4722-3 (1970).

Hanley, H.J.M., and Klein, Max, NBS, Tech. Note No. 628 (1972).
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A-13

Sources reviewed but _t used:

General

669 727 1845 5542 5832 6131 6194 8331

8435 8762 9545 11037 12617 13614 14040 14621

14766 17398 18851 18917 19764 21794 22249 24007

24300 26650 26750 27053 27110 27174 27523 27838

27957 28117 28652 29931 31280 31624 32356 32400

32674 32686 32692 32823 34025 34419 34506 34518

36047 36399 36792 36819 38170 38176 40731 41212

41358 41365 41837 42678 43965 45177 45253 45254

45547 45562 45598 46406 46691 47798 48466 48758

49784 50686 50804 51604 53018 54885 57472 57911

59647 61003 61502 63220 63488 67028 67029 67620

68243 68686 70095 70726 70833 71266 72452 73446

77118 77436 77506 78186 79356 80309 81220 81577

82819 82771 85203 86609

Lennard-Jones

6334 i1574 20011 26033 43413 66569 68343 68602

Solid

26733 33811 43872 52757 71335 73609 75218 76956

74036 81210

Y
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Fixed Points

A-14

Discussion: Below is a summary of the P-p-T data at selected fixed points.

To be consistent with the property tables in section C, the temperatures in

the para-equilibrium column are on the NBS-55 scale. The temperatures in the

column labeled Normal are also on the NBS scale. For relationships between

the IPTS-68 scale and the NBS-55 scale see [59932].

Critical Point

Para or Equilibrium

T = 32.976 ± 0.05 K

P = 12.759 atm (1.2928 MPa)

p = 15.59 mol/_ (31.43 kg/m 3)

Normal

33.19 K

12.98 atm (1.315 MPa)

14.94 mol/_ (30.12 kg/m 3)

Normal Boiling Point

T = 20.268 K

P = 1 atm (.101325 MPa)

p(liquid) = 35.11 mol/_ (70.78 kg/m 3)

p(vapor) = 0.6636 mol/_ (1.338 kg/m 3)

20.39 K

1 atm (.101325 MPa)

35.2 mol/_ (71.0 kg/m 3)

0.6604 mol/_ (1.331 kg/m 3)

Triple Point

T = 13.803 K

P = 0.0695 atm (.00704 MPa)

p(solid) = 42.91 mol/_ (86.50 kg/m 3)

p(liquid) = 38.21 mol/_ (77.03 kg/m 3)

p(vapor) = 0.0623 mol/_ (0.126 kg/m 3)

13.957 K

0.0711 atm (.00720 MPa)

43.01 mol/_ (86.71 kg/m 3)

38.3 mol/£ (77.2 kg/m 3)

0.0644 mol/£ (0.130 kg/m 3)

Solid-Solid Transition: Solid hydrogen does undergo such transitions, see

for example 29574 30699 35812 38726 43353 47572 45821 83866.

Molecular Weight: 2.01594 on the C 12 scale [24033].

Other Properties at the Fixed Points: see tables C-2, C-2a, C-2b, C-2c, C-5,

C-5a, C-5b and C-5c as well as tables 14 and 14a.
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References:

[6368]

[29210]

[24033]

[59932]

[83866]

Woolley, H. W., Scot_, R. B., Brickwedde, F. G., J. Res. Natl.

Bur. Standards Vol. 41, 379 (Nov. 1948).

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

IUPAC Revised Atomic Weights Values, Chem. Engr. News 39, 42

(Nov. 1961).

The International Practical Temperature Scale of 1968, Metrologia

5, 35 (Apr. 1969).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

Sources reviewed but not used:

Critical Constants Hydrogen

493 542 562 579 619 700 737 740

940 5542 5564 5567 5677 5690 5808 6013

6049 6084 6105 6326 6342 6607 6610 6611

6852 8044 8699 9399 9501 9624 10194 11134

11136 12166 12204 12250 13537 14794 15359 15403

16375 16826 17336 17625 18042 19187 20900 21016

21134 22243 23790 25096 25732 26648 30313 31446

32705 32709 33635 34352 34512 35809 41511 42114

43297 45562 48290 48912 50681 50968 56863 60684

62901 65711 76630 78382

Boiling Point Hydro@en

740 1617 2040 2169 2839 2840 2928 5447

5643 5677 6013 6235 6259 6326 6334 6378

6607 6621 6622 66.18 6893 8118 8699 9490

9503 9624 10916 11001 11247 12204 12830 12901

13161 13779 14423 14799 14800 14959 16076 16376

16701 19187 20893 21754 22243 22936 23435 23790

24498 24502 24504 24506 24511 253"2 25732 27098

27995 28_13 29230 32104 34352 34514 36346 42101

42114 44085 45682 45688 46053 4962 53150 87118

87119 87126
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Triple Point Hydrogen

454 579 2040 2928 5564 5677 5679 6080

6326 6378 6421 8314 8325 8366 8699 9219

9490 9503 10916 11924 12830 13537 14130 14799

14800 15403 16376 19187 21754 21824 22243 22923

22936 23790 24502 25302 25355 25732 26648 26651

27098 29230 38237 42114 44085 45682 45688 46053

48376 49620 52666 53150 59955 68779 87117 87118

87119 87126 87577

A-14
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A-15

Heat Capacity (Specific Heat) at Constant Pressure

Definition: The heat capacity at constant pressure is defined as

Cp = (_H/aT)p, where H is enthalpy.

Tables of Values:

Units Range of Values Table Location

J/g-K

BTU/Ib-R

Graph: B-15

B-15a

Equation: None

Range of Values:

13.8 - 3000 K

25 - 5000 R

.i-i00 MPa

1-15,000 psia

Units Triple Point Boiling Point Critical Point 300 K

liquid vapor liquid vapor 1 atm

r

"

(Para)

J/g-K 6.36 10.52 9.66 12.15 = 14.85

BTU/Ib-R 1.521 2.513 2.310 2.904 _ 3.548

(Normal)

J/g-K 6.36 10.52 9.66 12.15 _ 14.31

BTU/Ib-R 1.521 2.513 2.310 2.904 = 3.420

Uncertainty: The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 5000 psia and 8% at 15,000 psia. In the critical

region (T c ± 5%, Pc ± 20%) the uncertainties are greater but difficult to estimate.

References:

[29210]

[80777]

[96341]

References of Special Interest:

Ortho-Para Differences: 2040

17018 28223

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press)

6368 6617 16163 16232
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High Pressure: 21853 24116 26659

56401 59747

High Temps: 24116 50964 78381

Solid:

426 5119

9503 13911

47659 49910

References reviewed

49335 81975 50155

5962 6322 6354 6368 6378 9219

21136 21806 23394 28604 34352 41169

57081 59944 64494 73217 78052 78548

but not used:

204 224 275 453 485 616 622 633

657 700 728 740 2020 3142 3867 5095

5118 5170 5432 5437 5493 5536 5600 5718

5722 5726 5825 5831 5921 5990 6011 6013

6029 6046 6105 6112 6113 6114 6191 6217

6221 6253 6257 6266 6300 6318 6326 6375

6393 6416 6421 6813 6838 7396 7447 7896

8673 8698 8706 8710 9444 9486 9752 10218

10742 10748 10872 10880 10882 10913 11043 11271

11283 11940 12018 12161 12197 12596 13271 13380

13537 13558 14129 15739 15740 16142 16200 16213

16317 16877 17166 17442 17833 18121 18502 18837

18838 19287 19403 19709 20900 21016 21132 21750

21794 22251 22666 23172 23790 24314 24316 24318

24323 24332 24650 24651 24731 24782 24823 25096

25302 25355 25559 25732 25911 25952 25978 26227

26613 26750 26767 27105 27186 27464 27513 28110

28604 29210 29438 30141 30350 30473 31708 33967

34613 36818 37427 38807 39250 40017 40655 41524

41771 41893 42075 42101 42103 42114 42140 42282

42644 42751 43199 43200 43261 44439 44622 45253

45439 45454 45529 46118 48233 48289 48307 48376

48404 48467 48572 48653 48912 49645 50479 50962

125
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A-15

52908

54512

60339

69647

77232

53551

54512

62625

71063

78418

53803

54594

63091

72638

79962

54004

54596

64468

73081

80777

54036

54765

65157

73359

80837

54294

55969

66518

76648

84841

54498

55972

66773

77178

54506

59749

67271

77224

L
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Heat Capacity (Specific Heat) at Constant Volume

A-16

Definition: The heat capacity at constant volume is:

C v = (SU/ST)v

where U is internal energy, T is temperature and v is specific volume.

Tables of Values:

Units Range of Tables Table Location

J/g-K

BTU/Ib-°R

_: B-16, B-16a, B-16b, B-16c

Equation: None

Range of Values:

Units Triple Point

liquid vapor

13.8 - K, .01-i00 MPa

25-5000 R, 1-15,000 psia

C-2,C-2b,C-5,C-5b

C-2a,C-2c,C-5a,C-5c

Boiling Point Critical Point 300 K

liquid vapor 1 atm

(Para)

J/g-K 4.67 6.21 5.78 6.50 _ 10.72

BTU/Ib-R 1.12 1.48 1.38 1.55 _ 2.562

(Normal)

J/g-K 4.67 6.21 5.78 6.50 _ 10.18

BTU/Ib-R 1.12 1.48 1.38 1.55 _ 2.434

Uncertainty: The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 5000 psia and 8% at 15,000 psia. In the near critical

region (T c ± 5%, Pc ± 20%) the uncertainties are greater but difficult to

estimate.

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617

(Apr. 1972).

Weber, L. A., Natl. Bur. Standards IR 74-374 (In Press).

see A-15

see A-15

References:

[29210]

[80777]

[96341]

References of Special Interest:

References reviewed but not used;
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A-17

Heat Capacity (Specific Heat) Ratio

Definition: 7 = Cp/C v

Tables of Values: The specific heat ratio is not tabulated in tables,

however Cp and C v are tabulated and should be used to form the ratio as

defined above.

Graph: None

Equation: None

Ran@e of Values:

Units Triple Point Boiling Point Critical Point

liquid vapor liquid vapor

300 K

1 atm

F

(Para)

Dimen-

sionless

(Normal)

Dimen-

sionless

1.38 1.69 1.69 1.88 _ 1.38

1.38 1.69 1.69 1.88 _ 1.41

Uncertainty: The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 5000 psia and 8% at 15,000 psia. In the near critical

region (T c i 5%, Pc ± 20%) the uncertainties are greater but difficult to

estimate.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

References reviewed but not used:

2020 6253 7747 10218 24731 26767 28110 30141

43199 54498 54512 54594
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A-18

Heat Capacity (Specific Heat) of the Saturated Liquid at Constant Saturation

Definition: C o = T(aS/aT) a = (dH/dT) ° - V(dP/dT) a.

where the subscript a denotes constant saturation.

Tabulated Values: None

Graph: None

Equation:
r

C
o

AT

(T c - T)

+ B + CT + DT 2 + ET 3 + FT 4 + GT 5
n

where T is temperature in Kelvins, n = 0.10 and A = 1.6815742, B = -32.80279;

C = 6.8169871, D = -0.73194341, E = 0.033574357, F = -0.0007682974,

G = 0.0000069029224 and T = 32.984. C is cal/mol • K.
c

Units Triple Point Boilinq Point Critical Point

(Para only)

J/gK 6.33 9.59

BTU/Ib-R 1.51 2.29

References:

[13696] Younglove, B. H., Diller, D. E., Cryogenics 2, NO. 5, 283-7

(Sept. 62).

Reference of Special Interest:

Solid: 6368 9219 13911 37846 80375

Uncertainty: The uncertainty is estimated by the author [13696] to be 0.3%

except near the critical point.

References reviewed but not used:

740 6013 6378 13271 13380 13696 16142 17442

42140
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A-19

Ideal Gas Properties, Thermodynamic

Discussion: All thermodynamic properties tabulated here are based on

thermodynamic properties of the ideal gas. These ideal gas properties are

derived from spectroscopic measurements and statistical mechanics. The

ideal gas properties used here are taken from [6368]. The reference state

for these properties is the ideal gas at 0 K where the free energy, E O is
o

taken to be zero. By convention the values of S ° and C ° are presented for

1 atmosphere pressure.

Tables of Values: For normal, equilibrium and parahydrogen see reference

[6368]

Properties Units Range of Table Table Location

C ° S °P, , H°-E O,

cal mol, K 10-5000 K [6368]

(P°-E_)/T,

Graph: None

Equation: None

Uncertainty: The uncertainty for C ° is estimated to be 0.2% to 700 K in-
P

creasing to 0.4% at 5000 K. The uncertainty for S ° and E ° is estimated

to be an order of magnitude less.

References:

[6368] Woolley, H. W., Scott, R. B., Brickwedde, F. G., J. Res. Natl.

Bur. Standards Vol. 41, 379 (Nov. 1948).

References reviewed but not used:

6292 6617 10882 11271 16163 45454 45529 48572

56804 62625 78381 83588

t
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Index of Refraction

A-20

Definition: The index of refraction nl of a medium is the ratio of the

speed of light in a vacuum to the speed of light in the medium, n k = C/C .m

Discussion: The refractive index of a non-polar fluid depends on the wave-

length of the incident light and on the density of the fluid and to a lesser

extent, the temperature. The dependence on temperature is usually small

enough to be neglected as it has been here. The graph at location B-20 gives

an indication of the temperature dependence. Reference [54546] gives a

comparison between the index of refraction for normal and parahydrogen.

Table of Values:

Units Range of Values Table Location

Dimensionless saturated liquid C-20

Graph: See B-20

Equation:

+ 1 \1/2

nk(P) = 1 - Prk(P) ) , where

rk(p) = 0.99575 - 0.09069p + 1.227p 2 + 0.7799569 x i06/_ 2 + 0.495126 x i012/_ 4

where the specific refraction rk(p) is in cm3/g, densities are in g/cm 3 and

the wavelengths are in angstroms.

Range of Values:

Units Boiling Point 300 K k

liquid 1 atm angstroms

Dimen-

sionless 1.i137 1.0001 4358.

Uncertainty: The uncertainty of the tabulated values is estimated to be

less than 0.1%.
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A-20

References:

[54546] Diller, D. E., J. Chem. Phys., Vol. 49, No. 7, 3096 (Oct. 1968).

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr 1972).

References of S_ecial Interest:

Ortho-Para Differences: 54546 28932

References reviewed but not used:

233 6097 10740 13782 19277 19279 19291 19292

19365 23393 25535 25732 26608 26776 30251 33511

34369 40786 40787 40982 42114 45432 46848 54514

54595 55712 58489

t
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Internal Energy

Definition: Internal energy is defined by the equation _U = Q - P_V, where

Q is the heat absorbed in a system, _U is the change in internal energy, P

is the pressure and _V is the chanqe in volume. The internal energy of a

system is a derived thermodynamic property and may be calculated by means

of thermodynamic relationships which require the PVT surface (see section

A-If) and the specific heat capacity (see sections A-15 through 18). The

most common method of calculating the internal energy is by using

H = U + PV where H is the enthalpy (see A-9) and PV is the pressure volume

product.

Tables of Values:

Units

J/g

BTU/Ib

J/g, BTU/Ib

Ranqe of Values

13.8 - 3000 K .i - i00 MPa

25 - 5000 R 1 - 15000 psia

saturation boundary

Table Location

C-2, C-2b

C-2a, C-2c

C-5, C-5a,

C-5b, C-5c

Gra__h: None

Equation: None see definition

Range of Values: The reference state for internal energy is zero for the

ideal gas at zero absolute temperature (see A-19).

Units Triple Point Boiling Point 300 K, 1 atm

liquid vapor liquid vapor

Para

J/g

BTU/Ib

Normal

J/g

BTU/Ib

-309.0 84.2 -257.7 113.6 2961.38

-132.9 36.2 -110.9 48.9 1274.025

218.2 611.4 269.5 640.7 2989.0

93.88 263.0 115.9 275.7 1285.9

Uncertainty: The uncertainty of the internal energy values tabulated here

is estimated to be the same as the enthalpy (see A-9).
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A-21

References:

[29210]

[80777]

[96341]

References of Special Interest:

Solid: 40839 48233 41169

Ortho-Para Differences: 10930

References reviewed but not used:

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617

(Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

50962 65299

16163

6063 6069 6617 6838 10742 10882 12540 14023

15386 17833 19403 21750 21794 21853 24314 24823

25096 26227 29931 42282 48376 54294 59747 64320

69647 80837 81975

!
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Definition:

Joule-Thomson Coefficient

The Joule-Thomson coefficient, N, is defined as

A-22

!

-i
_= - C

P (aH/_P)T = (aT/aP)H.

The sign of _ indicates whether a gas expansion will cause an increase or

decrease in the temperature. If p is positive the expanding gas will be

cooled. The locus of points where _ = 0 is called the Joule-Thomson Inver-

sion curve. These data are given in table C-22.

Values of the Joule-Thomson coefficient are tabulated by Michels et al.

[21853] for pressures up to 2500 atm.

Tables of Values: This quantity is not tabulated here but it may be calcu-

lated from the property table in section C.

Graph: B-22 the inversion curve, T vs P.

Equation: None - (may be calculated using an equation of state)

Range of Values:

Units Pressure 40 K 110 K 180 K

K/atm 100 atm -4.3x10 -2 2.5xi0 -2 -7.6x10 -3

R/psi 1469.6 psi -0.52x10 -2 0.31xi0 -2 0.93xi0 -3

Uncertainty: The uncertainty is estimated to be 5%.

References:

[21853] Michels, A., De Graff, W., Wolkers, G. J., Apl. Sci. Res. Vol. AI2,

No. i, 9-32 (1963).

[29210]

[80777]

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note 617

(Apr. 1972).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

r
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A-22

Sources reviewed but not used;

419 463 464 622 3276 6191 6288 6838

7355 10194 10677 10793 10846 11457 11690 13737

14232 15255 18026 18121 18526 18949 19403 20900

21794 22237 26316 26635 26748 28722 30101 30350

30833 41511 41695 52342 54507 59334 63481 68026

86715 !

L
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Latent Heat of Fusion

Definition: The latent heat of fusion is the amount of heat required to

melt a unit mass of a substance at constant temperature and pressure at

temperatures above the triple point.

Tables of Values: None

Graph: None

Equation: None

Range of Values: This quantity has been measured by several experimenters

at the triple point. Reference [9219] was selected for the triple point,

the two values listed below at higher temperatures are found in [30327].

Units Triple Point 15.54 K 21.19 K

Cal/mol 28.08 30.80 40.28

J/g 58.28 63.92 83.60

BTU/Ib 25.08 27.50 35.96

(Note: Values are for parahydrogen).

Uncertainty: The estimate of uncertainty based upon the existing data is

about 0.25 cal/mol.

References:

[9219]

[30327]

[83866]

References of Special Interest:

none found

References reviewed but not used:

Johnston, H., Clark, J. B., Rifkin, E. B., Keer, E. C., J. Am.

Chem. Soc. Vol. 72, 3933-38 (1950).

Dwyer, R. F., Cook, G. A., Shields, B. M., et al., J. Chem.

Phys. Vol. 42, No. ii, (Jun 1965).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

426 6326 6368 6375 6421 9444 12018 12596

12830 13831 13911 16295 16376 19003 19187 19652

21136 21747 21872 25302 25544 26651 27055 27098

28604 30359 32104 33967 34352 34455 41169 48376

56863 65157 80375
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A-24

Latent Heat of Sublimation

Definition: The latent heat of sublimation is the amount of heat per unit

mass required to vaporize the solid phase.

Tables of Values: This quantity is tabulated in table C-24.

Graph: None

Equation: None

Range of Values:

Units O r K Triple Point

Para

Cal/mol

J/g

BTU/Ib

Normal

Cal/mol

J/g

BTU/Ib

181.5 244.5

376.7 507.4

162.1 218.3

182.9

379..6

163.3

Uncertainty:

References:

[12596]

[16376]

[83866]

The uncertainty is estimated to be about 2 Cal/mol.

Mullins, J. C., Ziegler, W. T., and Kirk, B. S., Georgia Inst.

of Teck. Tech. Rpt. # 1 (Nov. 1961).

Clusius, K., Z. Elektrochem, Vol. 49 (1938).

Roder, H. M., Childs, G. C., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

References of Special Interest:

Ortho-Para

16232 22428 23790

References reviewed but not used:

6368 6376 12830 19187 19287 21824 25302

27098 28604 34352 41169 64474 65157 70263

27098
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Latent Heat of Va_orization

[80777]

[83866]

[96341]

References of Special Interest:

Ortho-Para Differences: 6016

28223 29484 43074

Definition: The latent heat of vaporization is the amount of heat required

to convert a unit mass of a substance from the liquid to the vapor state

at constant pressure.

Tables of Values: This quantity is not tabulated but values are easily

obtained from the tables in section C-5 by subtracting the liquid enthalpy

from that of the vapor at the same temperature and pressure.

Graph: B-25 heat of vaporization vs T. B-25a

Equation: None

Range of Values:

Units Triple Point Boiling Point Critical Point

Para

J/g 448.2 445.5 0

BTU/Ib 192.8 191.7 0

Normal

J/g 449.1 445.6 0

BTU/Ib 193.2 191.7 0

Uncertainty: The uncertainty is estimated to be 2.5 Joules/mole for para

and 5.0 Joules/mole for normal

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr. 1972).

Roder, H. M., Childs, G. C., McCarty, R. D. Angerhofer, P. B.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

6368 9219 10930 23790
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A-25

References reviewed but not

2020 2208 2889

6368 6375 6378

12161 12204 12540

14799 15359 16295

19287 19403 20647

24782 24823 25952

30101 30659 32104

37427 40811 40839

44229 44439 47639

54294 55969 55972

65157 66093 72036

used:

5491

7396

12596

16361

20900

26227

32373

41169

48307

56863

73081

5564

9444

12830

16376

21824

27098

33967

41524

48376

58584

80375

5928

9624

13380

17442

23790

27104

33981

42644

48404

59749

87577

6016

11043

13831

18846

24313

28223

35400

43074

51208

63407

6300

12016

13978

19187

24731

30020

37208

43297

53664

64881

[
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Meltinq Curve

A-26

Definition: The melting curve is the boundry between the solid and liquid

regions in a phase diagram.

Tables of Values: The density of the saturated liquid in coexistence with

the solid phase is found on the first line of each isobar in tables C-2

series. The liquid and solid densities of 3 points are given here. For

more extensive tabulations the reader is referred to [83866].

Graph: B-27 and B-27a

Equation: See A-38 for vapor pressures.

Range of Values:

Units Triple Point 100 arm 300 atm

liquid solid fluid solid fluid solid

!

kg/m3- 77.0 86.9 81.8 89.9 88.7 96.0

ib/ft 3 4.81 5.42 5.11 5.61 5.54 5.99

Note: These values are for parahydrogen for an estimate of normal-para

density differences see A-48, B-48a

Uncertainty: The uncertainty is estimated to be 0.1% for the liquid phase

and 0.5% for the solid phase.

References:

[29550] Dwyer, R. F., Cook, G. A., Berwaldt, O. E.,

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

[83866] Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

References reviewed but not used:

See A-38
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A-27

Melting Pressure

Definition: The relationship between pressure and temperature along the

solid-liquid boundry.

Tables of Values: The melting temperature for a given pressure is found

on the first line of each isobar in tables C-2 series.

Units Range of Table Table Location

MPa 13.8 - 34.2 K

psia 25 - 62.4 R 1 - 15,000 psia

psia 25.2 - 90 R 86.5 - 32,060 psia

Graph: B-27 melting curve (T vs P) for hydrogen, and B-27a

Equation: See [80777]

Range of Values:

Units Triple Point 20 K 50 K

36 R 90 R

MPa

psia

Uncertainty:

References:

[5449]

[14130]

[52135]

[80777]

[83866]

0.00704 22.71 221.1

1.021 3293. 32060.

The uncertainty of the pressures is about 0.1%.

C-2

C-2a

[80777]

Mills, R. L., Grilly, E. R., Phys. Rev. Vol 101, No. 4, (Feb. 15,

1956).

Goodwin, R. D., Cryogenics Vol 2, No. 6, (Dec. 1962).

Younglove, B. A., J. Chem. Phys. Vol 48, No. 9, (May 1968).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

Roder, H. M., Childs, G. E., McCarty, R. D., A.ngerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

References reviewed but not used:

421 453 475 638 2040 2169 5118 6080

6250 6300 6368 6376 6421 6759 7396 8366

11241 12018 12204 12596 12830 13161 13272 13735

13770 13831 14423 14621 14955 14989 15358 16284

142
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16286

19448

22687

29861

31446

36346

47933

53292

63082

80394

16289

19652

23172

30101

31927

39229

49334

54804

64887

80375

16364

19694

23478

30103

32104

40839

50447

55972

67259

83262

16376

20297

23790

30327

33518

41005

51257

58201

67747

87117

16701

20900

24274

30359

33967

41169

52135

59322

72918

87453

18567

21136

25302

30447

34352

42114

52360

59750

77066

18947

21747

25844

30756

34513

43094

52504

60340

78389

19287

21872

27390

30889

34455

44899

52658

61246

78981

_-27
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A-28

Phase Diagram

Definition: Phase diagrams indicate the boundries between the solid, liquid

and or the gas phases. The diagrams which are referenced here are only those

which yield the PVT of the phases. For a diagram of the phases in other

coordinates consult the page on the particular property desired.

Graph: B-30 and B-30a

Uncertainty: The uncertainty of values taken from the above (or any other)

diagrams is determined by the resolution of the individual chart.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

r
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Prandtl Number

Definition: The Prandtl number, Pr, is defined by the relation

Pr = C B/k
P

where Cp is the specific heat at constant pressure, D is the viscosity and

k the thermal conductivity.

Tables of Values

Units

Dimensionless

Dimensionless

Dimensionless

Ranqe of Table

13.8 - 3000 K

25 - 5000 R

saturation boundary

Table Location

.01 - 100 MPa

1 - 15,000 psia

C-2, C-2b

C-2a, C-2c

C-5, C-5a,

C-5b, C-5c

Graph: A-29, and A-29a

Equation: None other than above defining relationship

Range of Values:

Units Triple Point Boiling Point Criticai Point 300 K

liquid vapor liquid vapor 1 atm

Dimen-

sionless 2.24 0.623 1.29 0.804 _ 0.687

Uncertainty: The uncertainty is estimated to be 15% except in the critical

region, where it is greater.

References:

[80777] McCarty, R. D. and Weber, L. A., Natl. Bur. Standards Tech. Note

617 (Apr. 1972).

Sources reviewed but not used:

See A-15, A-39 and A-36

t
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A-30

PVT

Definition: The abbreviation of PVT stands for pressure, volume and tem-

perature, the fundamental variables of the state of a pure fluid at

equilibrium. Any two of three variables may be specified, but the third

is then a unique value for a given fluid, with the exception of the case

where two or more phases coexist, in which case the pressure is a unique

function of the temperature but the volumes of the phases differ.

Tables of Values: The properties are tabulated in the C-2 and C-5 series

tables.

Graph: B-3, B-30, B-30a

Equation: see A-II, A-12, A-27 and A-38

Range of Values:

f

Property Units Ranqe of Tables Table Location

pressure MPa 0.01 - I00 C-2, C-2b

pressure psia 1 - 15,000 C-2a, C-2b

volume, M3/Kg .0097 - 1538. C-2, C-2b

volume, ft3/Ib .156 - 30,400. C-2a, C-2c

temperature K 13.8 - 3000 C-2, C-2b

temperature R 25 - 5000 C-2a, C-2c

Note - (the tables for normal and parahydrogen do not reflect any difference

for PVT - see section A-48 for a more detailed discussion of ortho para

differences).

k
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Uncertainty: The uncertainty is estimated to be:

Temperature Range Pressure Range

A-30

Uncertainty in Density

700 - 3000 K

300 - 700 K

13 - 300 K

13 - 300 K

Critical Region

Solid

References:

[6368]

[29210]

[80777]

[96341]

0.I - i00 MPa 1%

0.i - i00 MPa 0.5%

50 - I00 MPa .2%

0.i - 50 MPa 0.1%

+ 1% Pc + 20% 6%T c - , -

340 - 700 atm 1%

Woolley, H. W., Scott, R. B., Brickwedde, F. G., J. Res. Natl.

Bur. Standards, Vol. 41, (Nov. 1948).

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr. 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

References reviewed but not used:

PVT Data - Solid Phase Hydrogen

487 1130 1174 5215 5719 5879 6014 6080

6091 6421 6768 9444 11238 12596 13743 14800

14989 15481 15709 16295 19652 21136 21747 21824

21672 23790 25302 25316 25544 25732 26659 28603

28604 29055 29550 29881 30359 30756 30889 31446

32872 33967 34352 38702 38807 40882 41005 41169

42233 43504 47659 47933 45376 50838 55972 58589

60340 60657 65157 68779 72099 73609 74342 74466

78271 78548 79036 79779 80213 80394 81210 82990

80375 80829 82898 86148

!
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PVT Data - Liquid Phase Hydrogen

34 439 442 486 493 649 700 728

737 1603 2020 .208 2869 2952 5118 5523

5564 5756 6064 6080 6149 6162 6415 6421

6565 6621 8044 8118 9008 9444 9963 10437

10930 11043 11625 11709 11924 12018 12194 12357

12596 13465 13537 13546 13558 13782 14023 14129

14487 14794 14800 14989 15022 15121 15358 15359

15403 16099 16142 16295 16376 17018 17442 18121

18167 19187 19403 19645 19652 20647 20900 21079

21747 21824 22243 22666 23065 23393 23790 24782

24823 25302 25316 25544 25559 25732 25952 25966

26171 26227 26659 27409 27420 27495 28008 28223

28350 28604 29484 30286 30313 30350 30354 30473

30659 30889 31503 31692 31708 32953 33810 33967

34352 35138 36818 37427 37745 38702 38807 40017

40302 40525 40915 41005 41524 41560 42101 42103

42114 42140 42233 42644 43099 43297 44229 44439

47564 48376 48653 50479 50791 50838 52326 52712

53020 54294 54622 55509 55969 55972 56677 57050

58956 59402 59749 59955 60657 64082 64319 64881

64932 65157 65711 65729 66011 66249 66773 70317

71064 72036 73081 73601 79105 80165 80837 81975

72638 80375 82898 87735

PVT Data - Gaseous Phase H_dro_en

427 442 453 486 493 494 517 575

619 634 649 700 727 801 2020 3402

3498 3525 3754 4900 5120 5122 5123 5139

5366 5429 5522 5542 5567 5904 6069 6084

6191 6193 6231 631% 6326 6328 6342 6368

6415 6507 6713 6765 6797 6802 _40 6912
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6914

7681

87].9

10677

11242

12817

15022

16106

16883

19896

21079

24322

26740

28722

31692

36346

41560

45439

48404

50968

55969

59747

66249

80837

6926

7748

8732

10742

11245

13780

15121

16107

16891

20645

21132

24782

26749

29150

31708

37427

42114

45966

48467

51145

55972

60339

66514

82813

6995

8044

8758

10748

11346

13781

15359

16142

17398

20646

21794

24823

27409

29233

32705

59379

42233

46118

48653

51604

56677

63889

66773

72638

7146

8401

8762

10839

12018

14023

15403

16213

17960

20896

21853

25355

27495

29484

32953

40017

43107

46119

49092

54004

57050

64082

69424

87705

7362

8703

9444

10930

12540

14129

16078

16308

17965

20897

22920

25732

27932

30020

33791

40915

43174

46128

50164

54294

57544

65157

70584

7425

8715

9492

11005

12596

14487

16097

16378

18167

20900

23598

25952

28008

30286

33810

41005

44229

47034

50479

54765

57829

65711

74545

7589

8716

10437

11114

12704

14794

16098

16447

18502

20943

23790

26027

28149

30354

34613

41373

44439

48_07

50687

54819

57893

65729

76332

7611

8717

10647

11137

12725

14800

16099

16876

19403

21078

23g17

26604

28223

30452

35809

41524

45439

48376

50838

54896

58893

66011

76648

A-30

!

t

[

L

149

| li | 11 11 ii 11 II li l I[ II I1 U 1[ il | I



J

A-3I

Radiative Properties

No references to the emissivity of hydrogen were found in the literature

see A-42 for spectral absorption.
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A-32

Saturation Properties

Definition: The term saturation refers to a state condition where two or

more phases coexist in equilibrium.

Tables of Values: Saturation properties of the coexisting liquid and vapor

phases are tabulated from the triple point to the critical point in C-5

series tables. The individual properties which are tabulated in the C-5

series tables are listed below along with the page on which they are discussed

in more detail.

Property Page Page

Temperature A-30 A-36

Pressure A-30 A-39

Volume (or density) A-30 A-7

Internal Energy A-21 A-5

Enthalpy A-9 A-29

Entropy A-10

Constant Volume Heat Capacity A-16

Constant Pressure Heat

Capacity A-15

Velocity of Sound A-33

Surface tension A-35

For tables of PVT below the triple point see [83866].

Property

Thermal Conductivity

Viscosity

Thermal Diffusivity

Dielectric Constant

Prandtl Number

Graph: see pages listed above.

r
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A-33

Sound Velocity

Definition: The thermodynamic sound velocity, W, is defined by

W 2 = -V _-_ s

where P is pressure, V is specific volume and S is entropy; but since

entropy is not usually a variable in the mathematical models for the equa-

tion of state, calculations are more easily made using

Cv _ TJ

which is thermodynamically equivalent to the above equation and where C
P

and C v are the specific heat capacity at constant pressure and constant

volume respectively; P is again pressure and p is the density. Experimentally

measured sound velocity is a very precise and accurate measurement and is

equivalent to the thermodynamic sound velocity defined above.

Tables of Values:

Units

m/s

ft/s

m/s

m/s

Range of Table

13.8 - 3000 K 0.01 - I00 MPa

25.845 - 5000 R 1 - 15,000 psia

0 - 12 K (para) sat. solid

4.2 - 13.96 (normal) sat. solid

Graph: B-33 and B-33a

Equation: none

Range of Values:

Units Triple Point Boiling Point

liquid vapor liquid vapor

Table Location

C-2, C-5, C-2b,

C-Sb

C-2a, C-5a, C-2c,

C-5c

[83866]

[83866]

Critical Point 300 K

1 arm

!

r

L
Para

m/s 1264 305.7 1089. 355. 0* 1309.

ft/s 4147. 1003. 3573. 1165. 0* 4297.

* Theoretically the velocity of sound should go to 0 at the critical point.

Experimentally only very low velocities have been measured in the critical

region.
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A-33

Uncertainty: The uncertainty of the tabulated values have been estimated by

comparing tabulated and experimental sound velocities. These uncertainties

vary with pressure from 1% to 2% in the liquid and is about 0.5% in the vapor

or above critical temperature. In the critical region (Tci 5%, p

uncertainties are larger but not estimatable.

References:

[29210]

[80777]

[83866]

± 20%) the
C

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617

(Apr. 1972).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note 641 (Aug. 1973).

[96341]

References of Special Interest:

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

(not included in A-34) 596

Solid: 47659 78548 81564 84305 80375

Ortho-Para Differences: 19645 28223 30473

High Pressure and/or hi@h temp: 21853 24116

Dispersion: 6347

70241 84305

Sources reviewed but not used:

60062 69300

34 453 552 595 720 744 i106 2136

2274 2746 3709 3729 4590 4591 5600 5756

5759 5810 5811 5812 6161 6363 6816 6838

7262 7314 7320 7387 7747 7782 7839 7843

7896 7916 8695 9444 9501 9963 10989 11709

12704 13099 13296 13558 15021 16569 16877 17008

18121 18501 18851 19403 20900 22052 22318 22882

24318 24362 24483 24782 24823 25355 25559 25952

25966 27016 27933 28146 28153 28168 29484 29963

30350 31708 32387 32692 33232 33967 35654 36396

36792 36818 36819 37427 40226 41524 41695 41904

42644 43965 44229 44439 45418 46118 47930 48307

48404 48467 48470 54004 55972 56768 57827 29747

60089 63892 64932 67625 73601 79962 80223 80681

80837 81203 72638 87126
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A-34

Sound Absorption

Definition: The attenuation a is defined by the relation

-a x

P = P e exp
o

where x is the distance between the point where the peak pressure due to

the sound wave is P and the point where it is P. The so called "classical"
o

sound absorption aca I is often calculated from

2 214]acal - yV _ _ + _ k f2/p

C

where y = _ ; V = velocity of sound; f = frequency; P the pressure; q the

v

shear viscosity; and k = the thermal conductivity.

Papers found in the literature report sound absorption in many different

ways, some of these are as follows:

aexcess aexp - aca 1

nepers = £n (P/Po)

aexp/acal

aexp/f

a X (where k is wave length).
exp

Liquid: aex p for the saturated liquid [6161] at 17 ± 1 K is reported to be

0.ii cm -I ± 10% for the frequency of 44.4 MHz.

Gas: Values of aexp/f for both normal and parahydrogen at temperatures of

293, 90 and 77 K are given as a function of f/P in ref [22882].

I
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Range of Values

Temp f/p

K MHz/atm

aexp/f (normal) aexp/f (para)
-i

(cm MHz)

A-34

293 1.48 0.491

293 1.53

77 1.60

77 2.10 .314

Uncertainty:

0.483

.677

The uncertainty of a is 10% for the liquid value and 5% for

the gaseous data.

References:

[6161] Galt, J. K., J. Chem. Phys. I__6, 505 (1948).

[22882] Sluijter, G. G., Knaap, H.F.P., Beenakker, J.J.M., Physica

Vol. 30, No. 4, 745-62 (Apr. 1964).

References of Special Interest

Solid: 87453

Ortho-Para Differences: 63892

References reviewed but not used:

34 595 744 1106 2136 4591 5811 5812

6363 7782 7839 7843 7916 10989 24362 24483

27016 28146 35654 48784 49785 50880 55182 64794

67625 80223 80681 83309

r
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A-35

Surface Tension

Definition: Surface tension is defined as the amount of work required to

increase the surface area of a liquid by one unit of area. Note that this

property is defined only for liquid in coexistence with the vapor phase.

Tables of Values:

Units Range of Table Table Location

dyn/cm 13.8 - 32.976 K C-5, C-5b

ib/in 24.845 - 59.357 R C-5a, C-5c

Graph: B-35, B-35a

E_uation:

Y = Yo (I - T/Tc)I'065 (see discussion below)

where y is surface tension in dyn/cm; Yo is 5.328 for parahydrogen and

5.369 for normal hydrogen; T
c

normal hydrogen.

Rance of Values:

is 32.976 K for parahydrogen and 33.18 K for

Units Triple Point NBP Critical Point 300 K

Para

dyn/cm

ib/in

Normal

2.99 1.93 0 not defined

1.71xl0 -5 1.10xl0 -5 0 not defined

dyn/cm 3.00 1.95 0 not defined

ib/in 1.71x10 -5 1.12 0 not defined

Discussion: Since Corruccini [30250] correlated the older experimental data,

a new set of experimental data for normal hydrogen [33765] has appeared in

the literature. These new data are consistently about 0.07 dyn/cm lower

at all temperatures below 31.5 K than those calculated from the above equa-

tion. These differences cannot be explained on the basis of differences in

temperatures or densities used in the calculations, but the experimental

apparatus used by Blogoi and Pashkou [33765] does not inspire confidence

156
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in their data. The capillary rise technique was used which is the most

common technique but is beset with difficulties because of the corrections

that must be applied. In the older hydrogen surface tension experiments,

these corrections amounted to about 10% of the measured capillary rise, but

because of the size of the capillaries used by Blagoi and Pashkou [33765].

The measured capillary rise must be corrected by about 40-50%.

Uncertainty: The uncertainty of the tabulated values is estimated to be

1% for temperatures below the normal boiling point and increasing to about

5% for temperatures above 0.8 T .
c

References:

[30250]

[33765]

[80777]

Corruccini, R. J., Nat. Bur. Standards Tech. Note No. 322

(Aug. 1965).

Blagoi, Yu. P., Pashkou, V. V., Zh. Eksp. Teor. Fiz. Vol. 49,

No. 5, (Nov. 1965).

McCarty, R. D., Weber, L. A., Nat. Bur. Standards Tech. Note 617
(Apr 1972).

References reviewed but not used:

2020 3541 6162 9444 10893 12018 13537 13824

15409 16295 16834 19704 20647 23183 23186 23790

24731 24780 24782 25058 25952 25966 26548 27064

29214 30020 30101 31503 33967 34228 35400 35766

41524 42678 43099 44439 44771 46406 48307 48376

48404 51188 52506 54294 55969 55972 61035 61114

62372 66902 73081 74349 75736 77506 80310 83444

80375 83866

A-35
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A-36

Thermal Conductivity

Definition: The thermal conductivity coefficient relates the transfer of

heat through a material via molecular interaction due to a temperature

gradient across the material.

q = - k grad T

where q is the heat flux, (heat per unit area per unit time) grad T is the

temperature gradient, and k is the thermal conductivity coefficient.

Discussion: The literature search revealed no experimental data outside

the P-T range of these tabulations. The tabulations include extrapolations

to higher densities and temperatures of experimental data by Roder and

Diller [65729]. An alternative method of calculating thermal conductivity

is provided by the modified Enskog Theory [81306].

The most popular method of correlating thermal conductivity data is to

separate the property into a number of additive parts

k = ko(T) + _E(P,T) + _c(P,T)

where Ao(T) is the dilute gas contribution (a function of T only}, _E(P,T} is

the so called excess function and k (p,T) gives the enhancement due to the
c

critical point behavior, kE(P,T) and kc(P,T) are taken to be the same for

the para and normal modifications but ko(T) shows marked differences for the

para and normal modifications. A survey of the thermal conductivity of the

solid is given by [83866] from which the figure on B-36 was taken.

Tables of Values: C-2, C-2a, C-2b, C-2c, C-5, C-5a, C-5b, C-5c

Units Range of Table Table Location

Para and Normal

mw/cm-K 13.8 - 3000 K

BTU/ft-hr-R 25.845 - 5000 R

0.01 - i00 MPa

1.0 - 15,000 psi

C-2,C-2b,C-5,C-5b

C-2a,C-2c,C-5a,C-Sc

F

!
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Graph: B-36 and B-36a

Equation: None

Range of Values:

Units Triple Point

liquid

Para

mw/cm-K 0.7259

BTU/

ft-hr-R 0.04197

Normal

mw/cm-K 0.7259

BTU/

Boiling Point Critical Point 300 K

vapor liquid vapor 1 atm

.1243 .9892 .1694 _ 1.76

0.00719 0.05719 0.00979 0.102

0.1243 0.9892 0.1694 _ 1.70

ft-hr-R 0.04197 0.00719 0.05719 0.00979

Uncertainty: The uncertainty of the tabulated data is estimated to be 3%

except in the extrapolated regions (T < 100 K, P > 350 atm; T > 100 K,

P > 100 atm; and T > 400 K) where the uncertainty is estimated at 10% and

in the critical region where it is undoubtedly larqer.

References:

[64729]

[81306]

[80777]

[83866]

0.0983

Roder, H. M., and Diller, D. E., J. Chem. Phys. 52, No. Ii,

5928-49 (Jun 1970).

Hanley, H.J.M., McCarty, R. D., and Cohen, E., Physica 60 (1972).

McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note

No. 617 (Apr. 1972).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards Tech. Note No. 641 (Aug. 1973).

References reviewed but not used:

Thermal Conductivity - Solid Phase Hydrogen

5501 8384 9988 21747 25302 28391

34352 38751 38807 40882 48376 55044

78052 80763 80375

28604 30358

61215 68582

A-36
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A-36

Thermal Conductivity -

439 2020 5528 5727

11789 12018 12842 12843

15651 16296 16502 17393

25302 25952 28223 28603

33244 33810 33967 34352

38807 39486 40915 41524

42644 44229 44439 45050

54294 55969 55972 56804

66518 66773 67006 69520

72638 80375

Liquid Phase Hydrogen

6368 10731 10795 11043

13476 13492 14422 15502

21747 23790 24731 24782

28604 29130 30358 31708

37427 37955 38593 38751

42101 42103 42114 42140

48376 48653 50479 52092

59749 64468 64881 66011

73222 74127 80777 80837

Thermal Cor_._uctivit_ - Gaseous Phase H_dro@en

446 453 592 617

2020 5093 5095 5432

5889 5911 5959 6011

6164 6169 6174 6217

6323 6368 6738 7010

10218 10548 10731 10739

10914 11065 11291 11669

13476 13492 13645 14418

17638 17994 18001 18490

23787 23790 24731 24782

25963 25978 26017 26346

27514 28119 28223 29130

31282 31492 31645 31708

35627 35646 36045 36234

37427 37443 37603 37940

40751 40915 41284 41524

42751 43058 43123 43174

44439 44818 45050 45439

48376 48404 48467 48521

693 695 724 999

5494 5504 5573 5825

6031 6068 6071 6151

6270 6271 6275 6318

8313 9244 9435 9444

10748 107 a'_ 10880 10913

11789 12018 12489 12977

15502 15651 16296 16317

18502 18843 19179 20431

25237 25355 25732 25952

26647 26734 26930 27063

29524 30020 30030 30752

32674 33802 33810 34442

36387 36399 36401 37412

37955 38593 39486 40686

41593 42114 42122 42530

43294 43534 43883 44229

46118 46423 48307 48359

48653 49645 50479 50937
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52092

55972

58631

65729

69685

77232

72638

52734

56722

58632

66011

70041

77618

76063

52862

56734

59079

66267

70829

78217

82534

54120

57537

29453

66773

71882

80681

83762

54294

57690

59906

67006

74127

80837

54765

57801

60702

67713

74741

82821

55224

57884

64075

68346

76630

83962

55969

58501

64381

68370

77178

85085

A-36
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A-37

Thermodynamic Diagrams

Discussion: The thermodynamic diagrams listed below are based on the PVT

of Roder et al. [29210] and by McCarty and Weber [80777]. These diagrams

have been prepared very carefully and are accurate to the precision to

which they may be read. For other figures the primary consideration in

many cases was availability and in others the range of P-T covered by the

chart.

Graph: B-3 Compressibility factor chart

B-37 Temperature Entropy Chart (Para)

B-37a Temperature Entropy Chart (Normal)

B-37b Temperature Entropy Chart (4 - 22 K) (Para)

B-37c Mollier Diagram (Para)

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80772] McCarty, R. D., Weber, L. A., Natl. Bur. Standards Tech. Note 617

(Apr. 1972).
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Vapor Pressure

Definition: The vapor pressure is the pressure, as a function of tempera-

ture, of a liquid in equilibrium with its own vapor.

Tables of Values:

Units Ranqe of Table Table Location

MPa 13.8 - 32.938 K

psia 25.845 - 59.288 R

mm Hg 1 - 13.8 K

Graph: B-38, B-38a, B-38b, B-38c

C-5, C-5b

C-5a,C-5c

C-24

Equation: Parahydrogen [91653]

n 5

= nlx + n2x2 + n3x3 +_n(P/P T) n4 (l-x)

n I = 3.05300134164, n 2 = 2.80810925813

n 3 = -0.655461216567, n4= 1.59514439374

n 5 = 1.5814454428, x = (I-Tt/T)/(I - Tt/Tc)

T t = 13.8 K, T c = 32.938 K, Pt = 0.007-42 MPa

Normal hydrogen [23435]

_nP(kg/cm 2) = A + B/T + C_nT

A = -1.55447, B = -31.875, C = 2.39188

Sublimation Pressures

Vapor pressures at temperatures below the triple point (13.8 K) are often

called sublimation pressures. The available data are summarized in [82866]

and a table of values is given in C-24.

References:

[23435] Van Itterbeek, A., Verbeke, O. et al., Physica Vol. 30, No. 6,
1238-44 (Jun. 1964).

[83866] Roder, H. M., Childs, G. E., et al., Natl. Bur. Standards Tech.

Note 641 (Aug. 1973).

[91653] McCarty, R. D., Natl. Bur. Standards Internal Report 74-357

(Feb. 1974).
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A-38

References reviewed but not used:

444 453 454 493 634 700 732 884

2020 2040 2928 3405 3599 5564 5677 6016

6235 6250 6326 6368 6378 7396 8699 10790

10916 11043 11134 12018 12166 12204 12596 12817

12830 13161 13463 13466 13537 13704 13779 13914

13983 14718 14799 14955 15359 15403 16076 16219

16232 16291 16376 18121 18582 18947 19187 19410

19721 20297 21408 21754 22243 22602 23790 24502

24731 24745 24782 25096 25302 25732 25844 25952

26181 26603 27098 27160 27420 28076 28223 28350

28933 29108 29484 30313 30659 32140 33635 33636

33967 33981 34352 34471 36818 38220 39547 41524

42101 42103 42114 42140 43297 43965 44966 45032

48370 48653 52504 53150 54089 54622 55969 55972

59749 59750 61041 62589 66423 66508 67569 68839

69674 70624 77791 78382 80165 80777 82417 83262

80375 87577
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Viscosity (dynamic)

Definition: The viscosity coefficient of a fluid relates the flux of

momentum in a fluid to the traceless symmetric part of the velocity

gradient:

J = - 2UD

where J is the flux of momentum, D the traceless symmetric part of the

velocity gradient, and H is the viscosity coefficient.

Note: The coefficient q as defined is sometimes called the shear or

dynamic viscosity.

Discussion: The viscosity of a fluid may be seperated into two additive

parts

= _o(T) + _E(P,T)

where qo(T) is the dilute gas contribution and is a function of temperature

only and HE(P,T) is called the "excess" viscosity and is a strong function

of density. When compared on a density basis there does not seem to be a

dependence on ortho-para composition.

Tables of Values:

Units Range of Table Table Location

kg/m-s

ib/ft-s

kg/m-s

ib/ft-s

Graph: B-39

Equation:

13.8 - 3000 K

24.845 - 5000 R

saturation

saturation

0.01 - 100 MPa

1.0 - 15,000 psia

Equations are presented in [80777].

C-2, C-2b

C-2a, C-2c

C-5, C-5b

C-5a, C-5c

A-39
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A-39

Range of Values:

Units Triple Point Boiling Point Critical Point 300 K

liquid vapor liquid vapor 1 atm

Para

kg/m-s 255.1xi0 -7 7.36x10-7132.0x10 -7 ii.28xi0 -7 35.43xi0 -7 81.40xi0 -7

ib/ft-s 1.713x10-50.049x.0 -5 0.887xi0 -5 0.076xi0 -5 0.241xi0 -5 0.547xi0 -5

Uncertainty: The uncertainty of the tabulations is estimated as follows:

for T < i00 K and P < 350 atm the uncertainty is estimated to 1%; for

T < i00 K and P > 350 atm the uncertainty is estimated to be 10%; for

T > i00 K and P < i00 atm the uncertainty is estimated to be 5%; for

T > i00 K and P > i00 atm, the uncertainty is estimated to be 15%.

References:

[27674] Diller, D. E., J. Chem. Phys. Vol. 42, No. 6, 2089-2100 (Mar. 1965).

[80777] McCarty, R. D., Weber, L. A., Natl. Bur. of Standards Tech. Note

617 (Apr. 1972).

References reviewed but not used:

Viscosity - Liquid Phase Hydrogen

700 1106 2020 5643 5706 5892 6064 6162

6274 6368 9444 10539 10620 10731 11789 11806

11924 12018 12166 13476 13492 14978 16296 17386

17393 17999 18951 20010 20841 21022 22446 22496

23790 24313 24731 24782 25041 25302 25844 25952

27241 28223 28603 29130 30659 31708 33244 33810

33967 34333 37427 38388 38807 39486 41524 41560

42101 42103 42114 42140 42644 44223 44229 44439

45374 47292 48376 50479 52326 54294 55969 55972

59749 83772 64881 66011 66773 66970 67006 69684

72714 73081 74127 75050 76374 77610 80372 80837

81306 82149 72638 80375 85702

r
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Viscosity - Gaseous Phase Hydrogen
!

207 374 446 450 453 461 546 604

714 700 940 999 1106 1411 2020 3284

3948 5093 5094 5095 5132 5432 5507 5573

5600 5643 5703 5706 5711 5807 5824 5888

5959 6011 6061 6110 6131 6151 6154 6164

6232 6275 6318 6334 6344 6368 6372 6738 F
I

7010 8293 8435 8645 8758 9250 9444 9680

10218 10436 10623 10625 10731 10747 10748 10749

10880 10913 11006 11037 11789 11832 11899 12018

12252 12631 12977 13113 13476 13492 14272 16296

16317 17386 17962 17964 17999 18000 18502 18917

21022 21305 21757 22249 22446 [19280 19286 20011

23173 23448 23790 24007 24300 24311 24322 24326

24731 24782 24925 25041 25055 25732 25952 25960

25963 25978 25979 26003 26004 26006 26007 26008

26012 26030 26178 26247 26339 26609 26626 26647

26682 26745 27063 27097 27182 27386 27514 28129

28156 28223 28646 29130 29148 29964 30020 31280

31708 31739 32164 32461 32709 32861 33810 33967

34333 34442 34450 35559 35627 37412 37427 38567

39486 40731 41135 41365 41524 41560 41770 42114

42281 42751 43092 43096 43101 43156 43174 43407

43735 43943 43964 44229 44439 44818 45374 45439 I

46118 47200 47324 47815 48307 48376 48404 48467

48909 49645 50066 50479 50681 50957 50970 51037

53624 54294 54765 55604 55972 56334 56464 56734

57473 57829 58893 59745 63368 63467 63772 64318

66011 66267 66773 66842 66970 67006 67867 67939

68381 69530 70041 74127 76374 76630 77045 77178

77232 77913 78072 80681 80837 81481 72638 83762
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Bulk Viscosity

The shear viscosity should not be confused with the bulk viscosity. The

bulk viscosity relates the flow of momentum in a fluid to the divergence

of the velocity

J = 2qD - _v I div u

where I is the unit tensor, div u is the divergence of the velocity of the

fluid, and _v the coefficient of bulk viscosity.

Kinematic Viscosity

Definition: The kinematic viscosity, y, is defined as

Y = n/P

where _ is the shear viscosity and p is the density.

L
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Adiabatic Compressibility

Definition: Adiabatic compressibility is defined as

<) ?_S = _ VI _-P_V S A useful relation is _S = P _T

where _T is the isothermal compressibility.

Tables of Values: This quantity is not tabulated, but it may be obtained

by means of the relationship

_S = I/pW2

where p is density and W is sound velocity, from the following tables.

Units Range of Table Table Location

A-40

MPa -I 13.8 - 3000 K 0.01 - I00 MPa C-2, C-2b

psia -I 24.845 - 5000 R 1.0 - 15,000 psi C-2a, C-2c

MPa -I psia -I saturation boundary C-5, C-5a, C-5b
F

C-5c

Graph: None

Equation: None

Range of Values:

Units Triple Point Boiling Point Critical Point 300 K

liquid vapor liquid vapor 1 atm

Para

MPa -I 0.00807 8.56 0.0119 5.93 _ 7.29

psia -I 5.6x10 -5 0.59 8.18xi0 -5 0.0408 _ 0.0491

Uncertainty: The uncertainty in the compressed liquid varies between 2%

at low pressures to 4% at high pressures; in the gas, well above the critical

temperature, it is 1%. In the critical region (T c ± 5%, Pc ± 20%) the

uncertainties are undoubtedly larger; however, they are not experimentally

defined as the property diverges at the critical point.

f
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References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

[80777] McCarty, R. D., and Weber, L. A., Natl. Bur. Standards, Tech. Note

617 (Apr 1972).

[96341] Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

Sources reviewed but not used:

See page A-2. r
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Mixture Properties

Thermodynamic Properties

A review by Hiza, Kidnay and Miller [c] lists experimental data for

fluid mixtures properties of cryogenic interest, included are data for

hydrogen systems.

In addition to the above review, two reviews [64924], [d] give experimenal

data and some theoretical discussion of solid-vapor equilibria.

For liquid-vapor equilibria a bibliography by Oellrich, Pl_cker and Knapp

[e] gives references for both experimental and theoretical studies; this

review includes all components with normal boiling points below 350 K. Also

the liquid-vapor section of the Hiza, et al., review has been published

[f] Fig. B-41 can be used to obtain a rough estimate of the solubility of

hydrogen in various solvents as a function of temperature and pressure. To

estimate hydrogen solubility use

X(P,T) = X(IOO,T) x P

I00 - Po (T)

where X(P,T) is the mole % H 2 in the solvent at the desired pressure P,

in atmospheres, and temperature T, in Kelvin; X(100,T) is the mole %

hydrogen in the solvent at i00 atmospheres and T which is obtained from

Fig. B-41; Po(T) is the solvent's vapor pressure at T. It is recommended

that the above equation be used only for pressures of i00 atmospheres or

less and that the curves not be extrapolated to higher temperature; one

should refer to the original data for higher temperatures and/or pressures.

To estimate the vapor phase composition one can use

y = i00 x Po(T)/P

where y is the mole % of the solvent in the vapor phase; however, this

estimate will always be too low especially if the pressure is more than

i0 atm above the vapor pressure.

Listed below are additional references for thermodynamic properties of

mixtures. Solubility references differ from liquid-vapor equilibria

171
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A-41

references in that the% consider only liquid phase compositions whereas

the liquid-vapor references consider both phases. The references under

"Other phase equilibria" include papers dealing with calorimetric data.

Transport Properties of Mixtures:

This section considers only viscosity and thermal conductivity; section

A-26 considers diffusion. For dilute gas mixtures Wilke's correlation

can be used to estimate the viscosity [10565] and thermal conductivity

[36397]. To our knowledge no reliable technique exists for estimating

the effect of hydrogen on the viscosity or thermal conductivity in the

liquid phase.

References:

(a)

(b)

(c)

_64924]

(d)

(e)

(f)

[10565]

[36397]

Mullins, J. C., and Ziegler, Int. A_:. in Cryo. Eng. 10, p 171

(ed. K. D. Timmerhaus, Plenum Press 1963).

Suciu, S, W. L., Sikkett, Argonne National Laboratory Report No.

ANL-4603 part IIp i0 (1951).

Hiza, M. J., A. J. Kidnay and R. C. Miller, NBS-OSRD Special

Publication (to be published).

Hiza, M. J., Cryo I0 (2) 106 (1970).

Robinson, R. L., and M. J. Hiza (to be published in Adv. Cryo.

Eng. 20).

Oellrich, L. R., U. J. PlUcker, and H. Knapp, "Vapor-Liquid

Equilibria", Instit. of Thermodynamics, Technical Univ. of

Berlin (Sept. 1973).

Kidnay, A. J., M. J. Hiza and R. C. Miller, Cryogenics 13 (10)

575 (Oct. 1973).

Wilke, C. R., J. Chem. Phys. 18 (4) 517-9 (Apr. 1950).

Mason, E. A. and S. C. Sa .na, Phys. Fluids 1 (5) 361

(Sept-Oct 1958).

References reviewed but not used:

Liquid Solid Equilibrium:

5651 6216 12590 13711

Liquid Vapor Equilibrium:

234 318 3728 5100

6233 6241 6251 6348

6733 6842 7195 7490

3744 52666 80375

5651 5657 5723 5884

6369 6428 6572 6670

7559 7942 7960 8000
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8044 8905 9518 9587 9789 11157 11343 11583

11759 11848 12381 12438 12587 12590 12704 13145

13472 13475 13539 13711 14286 14385 14386 14536

27336 17652 19413 19914 21933 23794 24288 25053

25304 25815 26720 28079 28238 28623 29228 29962

30257 37447 33663 33980 34469 34524 35926 37214

38443 39337 40149 49177 41172 41631 42141 42313

43094 45223 46018 46029 46880 47684 48306 48338

49040 50157 50609 50699 52666 52743 54119 57014

58201 59440 61346 61420 61976 62196 62447 63137

63710 67158 67282 67942 68175 69774 71222 74575

76557 76576 77791 79330 79359 79792 82567 83279

80375 85046 85588 85590 85814

Solid Vapor Equilibrium:

5651 9789 11345 13385 11900 12587 12590 12854

14385 14386 23793 24862 28076 37214 42233 43094

45223 47563 48290 49040 52743 62592 63219 63560

64924 80374

Solid-Liquid-Vapor Equilibrium:

6216 12590 14385

Other Phase Equilibria:

46018 52666

12243 31310 58726 41557 43194 43196 67282 69647

70762 81977 82539 80375 83756 84490 84495 85595

Solubility:

330 639 5484 5617 6262 7150 7213 8283

9255 9481 13511 13512 13513 13514 24256 30143

39627 40801 41533 44063 44776 46220 52752 54089

54213 62811 69085 73296 74672 75354 76057 82142

Phase Separation:

19914 30257 69647 81977
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PVTX Data:

318 634 5120 5122 5123 5139 5665 6718

6914 7010 7395 7448 7852 7889 8044 9497

12438 12587 12590 12704 12725 14385 14386 14535

14766 15710 16891 18512 19613 24322 25815 29141

29216 29219 29229 29236 30111 30138 37184 37214

37218 41819 42101 47332 47563 48290 54250 56338

58104 62063 62592 64383 64932 66405 66970 67015

67028 69424 73131 77444 85590 83756 86305 86439

Thermal Conductivity:

604 628 654 5093 6169 6174 7019 11010

11374 14418 14622 15634 16000 17454 17638 24312

25293 25728 25958 25996 26757 28620 29835 31460

32335 32702 35571 36045 40594 40658 41284 41470

43192 44353 46304 46423 47426 47632 48451 48521

48779 50796 52063 54250 54883 57082 57886 58631

58639 59079 59453 64037 64381 66399 69079 70829

70887 71609 71876 71882 73768 74741 78217 78610

79404 81829 81830 85218 86439 86693

Viscosity:

530 604 618 962 5807 5986 7010 10753

i1036 11487 13270 14622 17538 18000 19617 25312

24322 25293 25728 25960 26002 26003 26004 26005

26006 26007 26008 26009 26012 26019 26339 26438

26609 26624 26626 26702 26745 26809 27182 28129

28161 29148 29835 31668 33113 34281 34475 35571

37417 39866 41790 42281 45044 45258 45722 46282

47426 48297 48909 50710 51605 52787 53961 54250

54883 55585 57082 58631 58639 38683 59745 60578

63123 64770 65616 66970 71876 73754 79404 85218

85245 86439

174
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Infrared Absorption

Definition: The absorption coefficient, k, of a material is a measure of

the loss in intensity, I, of radiation which is passed through a unit length

of a homogeneous region of the material, i.e., if Z is the axis of propaga-

tion, then

dI/I = -kdZ

or in integral form

I = I(0)e (-kz)

Absorption bands: k is for most gases a strong function of frequency, being

zero over large ranges of frequency and sharply peaked in certain other

regions. It is difficult to summarize this subject because so many transi-

tions are possible for hydrogen, i.e., rotational, vibrational, Raman,

ultraviolet, infrared and far infrared spectra have all been investigated.

As with other gases, the absorption coefficient k is density dependent,

varying roughly as the density squared (see B-42c) and in the particular

case of hydrogen, k is significantly dependent upon the ortho-para composi-

tion (see B-42 and B-42a) . For an estimate of importance to heat transfer

problems see [33967].

Graphs:

B-42

B-42a

B-42b

B-42c

B-42d

References:

[65842]

[55629]

[a]

far infrared (rotational) [65842]

far infrared (translational) [65842]

far infrared (rotational) [55629]

Raman [a]

ultraviolet [53934].

Jones, M. C., Natl. Bur. Standards Tech. Note 390 (Apr. 1970).

Mactaggart, J. W., Hunt, J. L., Can. J. Phys. Vol. 47, No. i,

65-70 (Jan 1969).

May, A. D., Degen, V., Stryland, J. C., Welsh, H. L., Can. J.

Phys. 39, 1769 (1951).
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A-42

[53934] Belozerova, V. P., Sou. J. Opt. Technol. Vol. 34, No. 2, 184-92

(Mar-Apr 1967).

References reviewed but not used:

585 739 2040 5924 20745 22841 23052 25234

26614 26623 26739 26743 27054 27098 27264 27443

27477 27503 27956 28251 28703 29034 29208 29372

30584 30782 31903 32407 32735 33499 34419 36823

38389 41963 45065 45271 45871 46407 46421 50685

51167 52109 52468 52757 54620 54653 55734 55859

57469 57470 57443 62686 63093 63398 64128 64200

65057 65731 66021 67053 67625 67658 69691 69692

69695 70569 70630 70834 72594 72793 73436 74314

78313 80265 84285 84024 86407 87735

Uncertainty: The uncertainty varies with frequency but a typical conserva-

rive estimate is 5%. Note: differences of 30 to 40% for the peak absorption

between Jones [63093, 65842] and others have not been explained.

References of special interest:

Solid high pressure: 73720 81589

Solid General:

7268 13748 20891 22748 28629 30699 38864 44913

52018 58986 60993 60994 60995 61416 63895 67043

71488 79715 79769 81315 81479 86758

Neutron scattering:

33139 45244 55977 57176 66576 67271 71488

X-ray absorption: 68948

High temp hi@h pressure: 40191

Ultraviolet absorption: 22359 27169 53934 54414

Raman absorption: 13748 50669

[
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Heat Transfer and Pressurization Parameters

A number of thermodynamic expressions have become convenient for the engineer

to use in dealing with the storage and transfer of liquefied gases. Tabula-

tions for four such parameters for oxygen have been included in this Handbook.

They are:

Specific Heat input v<_H) [<aP)T/ <aP) ](commonly symbolized by 8) _-V p = pCp _ _-T V

!

Energy derivative

(commonly symbolized by _)

Isothermal bulk modulus

(commonly symbolized by _)

(0P)v (0P)v _U v Cv _ v

Volume expansivity

(commonly symbolized by _)

Discussion: Specific heat input, 8 (sometimes referred to as dQ/dM, heat

input per increment of mass) is frequently expressed in terms of density

instead of specific volume, i.e., p (aH/_p)p. It is the amount of heat re-

quired to expel a unit mass of fluid from a storage vessel. The units are

the same as those for enthalpy: BTU/Ib or J/mol.

Ener@y derivative, _, is also frequently expressed in density by substituting

1/9 for V. Typical units are psia-ft3/BTU or atm-cm3/j. This parameter is

often used in conjunction with the specific heat input, 8, to determine ex-

pulsion rates from rigid containers (see reference [37158]).

L
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A-43

Isothermal bulk modulus, a, likewise is frequently expressed in density:

-@(aP/_@) T with the usual units of psia or atm. It is the reciprocal of

isothermal compressibility -(_V/aP)T/V and is a convenient factor to use

in certain engineering calculations.

Volume expansivity, _, often called simply expansivity or constant pressure

expansion, is separately described in data sheet A-47. Units are K -I or

°R-I. A related expression is the constant pressure expansion coefficient,

T(_V/aT)p/V, but values for this latter expression have not been tabulated

and are not as widely used. (See data sheets A-2 and A-4).

r
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A-43

Tables of Values: These parameters are tabulated in Tables C-2, C-2a, C-2b,

C-2c, C-5, C-5a, C-5b and C-5c as follows:

Parameter Units Range of Table Table

Location

8 = V(_H/aV)p J/g
BTU/Ib

= V (aP/aU) V MPa-m3/kJ

psia-ft /BTU

u = -V(_P/aV) T MPa
psia

K-I

= (aV/_T)p/V oR_l

13.8 - 3000 K

25.845 - 5000 C

saturation boundary

0.01 - 70 MPa C-2, C-2b

1 - 10000 psia C-2a, C-2c

C-5b, C-5c

Graphs: B-43

Equations: None except as shown above.

Ran@e of Values:

Parameter Units

Para

Triple Point

liquid vapor

Boiling Point Critical STP

liquid vapor Point

8 J/g

BTU/Ib

MPa-m3/_J

psia-ft /BTU

a MPa

psia

K-1

OR-i

Note: All the other

values are the same as normal table

4455.

1916.

0* 0.0385

0* 2.079

* Not conclusive; may be finite but small value instead of 0.

Normal

J/g 622.6 139.8 587.9 189.1 199.0 4295.

BTU/Ib 267.8 60.15 252.9 81.37 85.5 1847.

MPa-m3/

kJxl0 0.2565 0.06684 0.2018 0.0667 0* .0405

psia-ft3/

BTU 13.85 3.609 10.9 3.6 0* 2.19

u MPa 90.34 0.0069 50.21 0.0903 0 0.I01

psia 13098. 1.0 7282. 13.1 0 14.7

K -I 0.01022 0.07523 0.0164 0.0642 _ 0.00333

°R-I 0.00568 0.04179 0.00913 00357 _ 0.00185

* Not conclusive; may be finite but small value instead of 0.
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Uncertainty: The uncertainties for each parameter are estimated as

follows:

Parameter Compressed Liquid Gas and Supercritical

e 3 - 5% 3%

3% 2%

a 3 - 5% 2%

3 - 5% 2%

References:

{29210]

[80777]

[37158]

[9634]]

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug. 1965).

McCarty, R. D., and Weber, L. A., Natl. Bur. Standards, Tech.

Note 617 (Apr. 1972).

Forester, C. K., Adv. in Cryo. Engrg., Vol. 12, Paper B-6;
82-91 (1967).

Weber, L. A., Natl. Bur. Standards, IR 74-374 (In Press).

Sources reviewed but not used:

For Specific Heat Input: See A9 and AI0

For Energy Derivative: None

For Isothermal Bulk Modulus: See sheet A-2

For Volume Expansivity: See sheet A-47.

!
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Thermal Transpiration

Definition: Thermal transpiration is the phenomenon of the flow of a gas

at very low pressures through a capillary due to a temperature gradient.

In a closed system, with a constant temperature gradient, a steady state

pressure difference will occur between the ends of the capillary, provided

the mean free path of the gas is about equal to, or larger than, the dia-

meter of the tube.

Thermomolecular pressure difference: If, at the steady state, the pressure

at the ends of a tube are PH and PC' corresponding to temperatures of

T H and TC, then

PH TH

PC TC

where the subscripts H and C refer to Hot and Cold respectively. The equa-

tion is only valid in the limit of P _ 0. At higher pressures, correction

terms must be added, however, it must be remembered that thermal transpira-

tion is an apparatus effect, and therefore, correction terms to the equation

should not be added for a particular gas but rather for a particular

apparatus.

Reference:

[36386] Bennett, M. J., Tomkins, F. C., Trans. Faraday Soc., 57 185 (1957).

Sources reviewed but not used:

6640 7048 18925 30307 35293 48470 57490 58491

71056

Thermomolecular Pressure Ratio:

None.

A-44
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A-45

Free Energy

Definition: The Gibbs free energy, G, is defined as G = H-TS, where H

is enthalpy, T is absolute temperature and S is entropy. Similarly the

Helmholtz free energy, F, is F = U-TS, where U is internal energy.

Tables of Values: These quantities are not tabulated but may be simply

obtained, using the formulae above, from the following tables.

Units Range of Table Table Location

J/g 13.8 - 3000 K 0.01 - i00 MPa C-2, C-2b

BTU/Ib 24.845 - 5000 R 1 - 15,000 psia C-2a, C-2c

J/g, BTU/Ib saturation boundary C-5, C-5a,

C-5b, C-5c

Graph: None

Equation: None

Range of Values:

Units

(Gibbs free energy)

Triple Point Boiling Point Critical Point 300 K

liquid vapor liquid vapor 1 arm

Para

J/g

BTU/Ib

Normal

-377. -377. -420. -420. -542. -15233.

-162. -162. -181. -181. -233. -6553.

J/g -21.9 17.0 -66.5 -80.3 -138. -16945.

BTU/Ib 9.42 7.31 -28.6 -34.5 -59.4 -7290.

Uncertainty: The uncertainty varies from about 0.5 J/g in the low density

limit to about 15 J/g in the liquid.

References:

[29210] Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug 1965).

[80777] McCarty, R. D., and Weber, L. A., Natl. Bur. Standards, Tech.

Note 617 (Apr 1972).

Sources reviewed but not used:

See A-9 and A-10.
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Heats of Transition

Definition: A heat of transition is the energy associated with a phase

change. Besides the solid-liquid and Liquid-gas transition, hydrogen has

three known solid-solid transitions [83866]. The energy changes due to

these solid transitions are not known but are thought to be small. For

values of the latent heats of fusion sublimation and vaporization see

sections A-23, A-24 and A-25.

References:

[83866] Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. H.,

Natl. Bur. Standards Tech. Note 641 (Aug 1973).

References reviewed but not used:

See A-23, 24 and 25.

A-46
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A-47

Definition:

Volume Expansivity

The volume expansivity is defined as

 (0v)
Volume expansivity is often simply called expansivity or coefficient of

volume expansion. The property is one of the compressibilities of a gas,

where here the path (condition) of the compression is at constant pressure.

Tables of Values:

C-5a.

Units

This quantity is tabulated in Tables C-2, C-2a, C-5 and

Range of Table Table Location

K-I

.R-I

K -1 ' OR-I

Graph: None

Equation : None

Range of Values:

Units Triple Point

liquid

Para &

Normal

K -I 0.0102

R -I 0.00568

13.8 - 3000 K

24.845 - 5000 R

saturation boundary

0.01 - i00 MPa

1 - 15,000 psia

C-2, C-2b

C-2a, C-2c

C-5b, C-5c

Boiling Point Critical Point 300 K

vapor liquid vapor 1 atm

0.0752 0.0164 0.0642 = 0.00333

0.0418 0.00913 0.0357 _ 0.00185

Uncertainty: The un _rtainty in he compressed liquid is 2-3%; in the gas

and supercritical fluld, 1-2%. in the critical region (T c ± 5%, Pc ± 20%)

the uncertainties are larger; however, they are not experimentally defined

since the property diverges at the critical point.

L
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References:

[29210]

[80777]

[96341]

Sources reviewed but not used:

Roder, H. M., Weber, L. A., Goodwin, R. D., Natl. Bur. Standards

Monograph 94 (Aug 1965).
,(

McCarty, R. D., and Weber, L. A., Natl. Bur. Standards, Tech.

Note 617 (Apr 1972).

Weber, L. A., Natl. Bur. Standards, IR 74-374 _In Press).

487 728 3754 5215 6149 6191 6193 6765

7355 7460 8118 8717 9492 13465 13558 14800

15679 17018 17401 19687 20896 21136 22666 23172

25355 25955 26227 30101 30473 34613 42140 45265

56203 62898 81837 84841
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A-48

Ortho-Para Modifications

Definition: The hydrogen atom is composed of a nucleus of one proton and

an electron orbiting around the nucleus. The hydrogen molecule is composed

of two hydrogen atoms, however there are two modifications of hydrogen

molecules called orthohydrogen and parahydrogen. The differentiating feature

of these molecules is the relative orientation of the nuclear spin of the

individual atoms. The nuclear spin is a rotational motion of the nucleus

about an axis perpendicular to the molecular axis. It is therefore possible

to have two relative orientations of these nuclear spins, i.e., the spins

may be in the same direction or they may be in opposite directions. These

orientations are commonly called parallel and antiparallel, respectively.

The nuclear spin is a quantized motion and therefore only certain motions

are allowed. Associated with this quantumization are quantum numbers for

the spin and the corresponding energy levels. The molecules with anti-

parallel nuclear spins have even quantum numbers, are in the lowest energy

state, and are called parahydrogen. Conversely the molecules with parallel

nuclear spins have odd quantum numbers, are in a higher energy level, and

are called orthohydrogen.

Discussion: Fluid hydrogen may be thought of as a binary mixture of two

different species of molecules differing from each other in physical pro-

perties. These differences are easily detectable on a macroscopic scale

and in some cases are of great importance in design problems. The percentage

of the ortho-para concentrations in the mixture is temperature dependent.

The term equilibrium hydrogen is, as the name implies, the equilibrium con-

centration at a given temperature. For example at a temperature of about

120 K, the equilibrium concentration of ortho and para is 50% for each.

Near ambient temperature the composition is 75% ortho and 25% para. This

25-75 composition is called normal hydrogen.

Tables of Values: These tables are from [6368]

Units Ranqe of table Location

% Pard 0 - 500 K C-48
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Graph: B-48,

Equation: None

Range of Values:

Uncertainty:

References:

[2040]

[6368]

[83866]

Units 20 K 300 K

% Para 94.821 25.072

These values are estimated to be uncertain by less than 1%.

Farkas, A., University Press, Cambridge (1935).

Woolley, H. W., Scott, R. B., Brickwedde, F. G., J. Res., Natl.

Bur. Stds. Vol 41, 379 (May 1948).

Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards, Tech. Note 641, (August 1973).

Heat of Conversion

Definition: The conversion of orthohydrogen to parahydrogen is an

exothermic process. The amount of heat given off in the conversion is

temperature dependent.

Tables: Values taken from [6368]

Units Range of tables Location

Calories/mol 10 - 300 K C-48a

Graph: B-48d

Equation: None

Range of Values:

Units 10 K

cal/mol 253.9865

Uncertainty:

be less than 0.1%.

Conversion Rates:

300 K

13.28

The uncertainty of the heats of conversion is estimated to

since the percentage of the ortho-para composition is temperature dependent,

the rate of conversion is of interest in a variety of problems.
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A-48

of a non equilibrium ortho-para composition to an equilibrium composition

is a very slow process in the absence of a catalyst. This mode of conver-

sion (no catalyst present) is called self conversion. In general the self

conversion rate is also a function of temperature. For example at liquid

air temperatures the half life of the conversion is greater than a year

while at 923 K and 50 mm Hg pressure, the half life is on the order of

i0 minutes [2030]. The "half life period" is defined as the amount of time

required to convert 1/2 of the excess ortho or para composition present at

the starting time.

Tables of Values: None

Graph: None

Catalysis Conversion Rates

The ortho-para conversion process is greatly enhanced by catalysis and since

many substances as well as magnetic and radiation fields will speed up the

conversion only a typical example of conversion will be given here. Weitzel

et al., [8139] using one and one half liters of unsupported hydrous ferric

oxide granules converted liquid normal hydrogen to 90-954 equilibrium H 2 at

an average rate of 235 liters per hour.

Tables of Values: None

Graph: None

Equation: None

References:

[8134] Weitzel, D. H., Loebenstein, W. V., Draper, J. W., Park, D. E.,

J. Res. Natl. Bur. Stds. Vol 60, 221 (March 1958).

Property Differences

In general the larger differences in the properties of ortho and para-

hydrogen will occur in the derived properties where heat is important.

L
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Properties like enthalpy, specific heat capacity and thermal conductivity

show large differences. On the other hand the density of ortho-para mix-

tures will vary very little and the differences in density between normal

and pure parahydrogen is probably less than about 0.3% except at the very

low temperature liquid where it could be as much as 0.5 - 0.7%. The density

of normal hydrogen having the larger density. For differences in a particular

property, the reader should consult the A sheet for the property and the B-48

series charts listed below.

Graph:

B-48a Density differences between normal and parahydrogen.

B-48b Specific Heat Capacity differences between normal and parahydrogen.

B-48c Thermal Conductivity differences between normal and parahydrogen.

!
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Isotopes

Definition: An isotope is an atom of an element having a different nuclear

mass and atomic weight from other atoms of the same element.

Discussion: Hydrogen has two such isotopes called deuterium with an atomic

weight of 2 and tritium with an atomic weight of 3. The three different

kinds of hydrogen atoms may combine in six different ways to form a molecule

i.e., H 2, D 2, T 2 HD, HT and DT. There are some data in the literature for

D 2 but very little for any of the tritium containing molecules. The isotopes

are beyond the scope of this work and the reader is referred to [83866] for

data for the hydrogen isotopes.

References:

[83866] Roder, H. M., Childs, G. E., McCarty, R. D., Angerhofer, P. E.,

Natl. Bur. Standards, Tech. Note 641 (Aug. 1973).

r

L

190

I I Ili lii I 1 I III ; Iil I I 1 1



A-50

Metallic Hydrogen

Definition: Solid hydrogen under extreme pressure, (about 2-3 megabars),

is thought to undergo a phase transition to the metallic state, and may be

superconducting. The subject of metallic hydrogen is beyond the scope of

this work, but a short bibliography will serve as a starting point for those

who wish to persue the subject further.

Primary References:

Wigner, E., Huntington, H. B., J. Chem. Phys. _, 764 (1935).

[41169]

[82898]

Preliminary Report on the Thermodynamic Properties of Selected

High-Elements and Some Related Compounds, National Bureau of

Standards, Unpublished Report (Jul. 1966).

Grigorev, F. V., Kormer, S. B., Mikhailov, O. L., et al.,

Jetp. Lett. Vol. 16, No. 5, 201-4 (Sep. 1972).

Other References:

62125 65872 6974416708 31008 40176 47933 55479

74178 76172 78271 80394 80692

r
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A-51

Slush Hydrogen

Definition:

Slush hydrogen is the name given to a mixture of coexisting solid and liquid

phases. Because of the potential application of slush hydrogen as a fuel,

its properties were studied by NASA. The slush form of hydrogen as a fuel

offers two distinct advantages over the pure liquid. See for example [67354].

First, if the mixture is 0.6 solid by mass, the density will be 16.5% greater

than the pure liquid at its normal boiling point and second, the heat capacity

will be increased by 86.2 Joules per gramm. The increased density is desireable

because of the available energy is increased per unit volume. The increase in

heat capacity eases refrigeration requirement.

Preparation:

There are a number of ways to produce slush hydrogen. The method which

seems to be the best is the so called freeze-thaw method. To produce

slush using this method, the ullage over the liquid is pumped and a solid

layer forms at the surface, the pumping is then stopped and the solid layer

melts at the edge of the container and settles into the liquid. The cycle

is repeated until the desired amount of solid has been formed. The

porosity of the solid formed in this manner is a function of the pumping

rate. The porosity of the solid is critical for ease of mixing with the

liquid. For details see [29395].

Problems:

Although a good deal of experimental work has been done on the properties

and preparation of slush, certain problems still exist. More data are

needed on the heat transfer in slush and no good method of the measure-

ment of the mass and the mass flow rates has been developed.

[29395] Mann, D. B., Ludtke, P. R., Sindt, C. F., Chelton, D. B.,

Advances in Cryo. Eng. Vol ii, 207-17, Plenum Press., New

York (1966).

[67254] Sindt, C. F., Cryogenics, Vol. i0, No. 5, (Oct. 1970).
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Hydrogen Safety

A-52

There are many books, articles and pamphlets to be found which deal with

the problem of safety where the presence of hydrogen causes a potential

hazard. The purpose of this descriptive sheet is to call the attention of

the reader to the problem and provide a few important references where

more detailed information is available. Three of the best references are

[27274] [V-i148] [80774].

Discussion:

Potential hazardous conditions due to the presence of hydrogen.

I. Hydrogen is colorless and odorless and therefore is not detectable

by human senses.

2. Hydrogen gas can cause suffocation by dilution of the air. It is

not toxic.

3. At temperatures above -418°F hydrogen gas is lighter than air (at stp)

and tends to rise. Temperatures of less than -418°F may occur just after

evaporation in which case the gas tends to fall.

4. Mixtures of hydrogen with either air or oxygen are highly flammable

over a wide range of composition (see below).

5. Detonation of an explosion can occur with very low energy impact.

Only 1/10 that of a gasoline-air mixture.

6. At atmospheric pressure a temperature in excess of 1000°F is required

for ignition but at pressures of 2/10 to 5/10 of an atmosphere, ignition

can occur at a temperature of 650°F.

7. Hydrogen flame is colorless.

!
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Properties of hydrogen gas

Gross heat of combustion BTU/ft 3

Gross heat of combustion BTU/Ib

BTU/ft 3 of stoichiometric gas/air mixture (F/A ratio,

0.418 vol., 0.029 wt.; or 29.5 H 2 by vol.)

Ft 3 of air required per ft 3 of combustible

Lb. air required per lb. combustible

Maximum flame temperature (F/A ratio 0.462 vol.,

0.0313 wt.; or 31.6% H 2 by vol.)

Autoignition temperature in air

Autoignition temperature in oxygen

Flammability limits, % vol. H 2 in air

Flammability limits, % vol. H 2 in oxygen

Detonation limits, % vol. H 2 in air

Detonation limits, % vol. H 2 in oxygen

Nonflammable limits, air-hydrogen,

Nonflammable limits, O2-hydrogen,

References:

[12297]

[27274]

[80774]

325.1

61.084

81.3

2.382

34.226

3865°F

I065°F

1040 °

4.0 - 75.

4.5 - 94.

18.3 - 59.

15.0 - 90.

less than 8% H 2

less than 5% H 2

Chelton, D. B., (The Macmillan Co., New York, N.Y., 1964).

Liquid hydrogen, a guide for the safe handling and storage

of liquid hydrogen at LASL Facilities, Los Alamos Scientific

Laboratory, Univ. Cal. Los Alamos, N. Mex.

Hord, J. Natl. Bur. Standards Report No. 10734 (Feb 1972).

*[V-I148] Hydrogen Safety Manual, NASA Lewis Res. Center, NASA Tech.

Memo TM-X-52454 (1968).

[V-1448] Standard for Gaseous Hydrogen Systems at Consumer Sites, Nat.

Fire Protect. Assoc. bulletin NFPA NO5DA (1966).

[V-1449] Standard for Liquid Hydrogen Systems at Consumers Sites, Nat.

Fire Protect. Assoc. bulletin NFPA No. 50B (1971).

**[a] General Safety Engineering Design Criteria, Vol. i, CPIA public.

194, (Oct. 1971): also, Liquid Propellant Handling, Storage and

Transportation, Vol. 3, CPIA public. 194, (May 1970)---these

documents prepared by the JANNAF propulsion committee of the

JANNAF Hazards Working Group, and are available only from the

Chemical Propulsion Information Agency (CPIA) of the Johns

Hopkins University Applied Physics Laboratory, 8621 Georgia

Ave., Silver Spring, Maryland 20910.

* Note: numbers prefixed by V are from the NASA Lewis Safety Grid.

** not in either NBS or NASA system.
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Miscellaneous Properties

Included in this section are properties which have not been discussed

in the preceeding pages. The numbers are Cryogenic Data Center accession

numbers.

A-99

Birefringence

54556

Bulk Modulus (solid)

74178

Creep

84537

Debye Temperature

74178 84175

Dispersion

13782 19279

33139 40786

19291 19292 19365

58489 69300 69691

47822

76325

76956

Elastic Constant

74178 84839

Electrical Properties (misc)

6973 7735 21181 32953

Electron Diffraction

32949 35812 43557

Electron Drift

52177 76274 76276

Emissivity-Reflectance

57176 67053 87735

Hydrogen Gel

25936

Ionization Potential

61358 61485 63627 63755

Irradiation

23736 26181 29056 39719

84290 83622 84072 84726

40311

64978

60357

91509

195

20745

40617

67015

65201

23178

61549

67028

67625

25535

63701

76771

68948

30251

67713

71783
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A-99

Isotopmers

91027

Isotopic Phase Separation

22240 37845

Magneto Optics

81468

Magnetic Susceptibility

23988 27957 32868

Magneto Resistance

82002

Nuclear Magnetic Resonance (NMR)

41326 54541 78056 89415 91027

915 5873 7223 11100 11115 14272 15481 15567 22463

23821 24955 27292 27394 30771 36009 37844 38028 38271

38646 41671 49932 50001 52004 52921 55003 57911 59903

60138 68252 70167 75177 78120 80787 85840 87648 89718

90696

Nuclear Spin Relaxation

19690 20997 22471 33181 36009 37745 47798 52004

55187 57006 57955 60151 63314 65716 68822 68850

70726 74709 77419 78120 80787 81285 87648 89264

33139 54572

Neutron Diffraction

28632 29056

Neutron Scattering

62749

80514

57176

196

14040 23601 52737 55977

71488 75493 7_56 77171

82762 91221 92917 93075

64033

81992

7148855977

67271

83296

84305

Neutron Spectra

33139 41963 45244

Opacity

40191

Optical Susceptibilities

68392

68172

84175

66575

55032

70167

68790

84305

r
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Ortho-Para Absorption

24953 34406

Plastic Deformation

72334 81248

Relaxation Time

84537

(electron spin)

85879 86609

Scattering

40226 41963 50669

86084 88515

84839

51933

Shear Strength (solid)

32738 78545 81248 84217

Specific Impulse

7248 12099

Stress Relaxation

91542 91869 84537

Surface Energy

5928 16834 19704 21177

Tensile Strength

78545 81248 84537

Thermomagnetism (Senftleben effect)

63501 68784 85845

X-ray Diffraction

22673 29055 30351 30782

Youngs Modulus

78545 81248

91869

55977

42678

32872

69300

77506

40399

71488

80310

49178

81468

90618

81988

81481

A-99
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8. SECTION B, FIGURES

LIST OF FIGURES

Para Hzdro_en

Compressibility Factor ......................

Dielectric Constant ........................

Dielectric Constant (Vapor below 1 atmosphere) ..........

Dielectric Constant of Sat Vapor .................

Dielectric Constant of Sat Liquid & Solid ............

Specific Heat at Constant Pressure (Heat Capacity) ........

Specific Heat at Constant Volume (Heat Capacity) .........

Specific Heat of Solid Hydrogen (Heat Capacity) .........

Index of Refraction of Saturated Liquid .............

Joule-Thomson Inversion Curve ..................

Heat of Vaporization .......................

Melting Line (80 to 30,000 psia) .................

Melting Line (Triple Point to Critical Point Pressure) ......

Prandtl Number ..........................

Specific Volume (PVT) ......................

Density (P-p-T) .........................

Velocity of Sound ........................

Surface Tension .........................

Thermal Conductivity .......................

Temperature-Entropy Chart (36 to 180°R) .............

Temperature-Entropy Chart (140 to 540°R) .............

Temperature-Entropy Chart (4 to 22 K) ...............

Enthalpy-Entropy Chart ......................

Vapor Pressure (Below 1 atmosphere) ................

Vapor Pressure (Above 1 atmosphere) ................

Solubility of Hydrogen in Various Solvents at 100 Atmospheres.

Far Infrared Absorption in Liquid Hydrogen (Rotational Band) .

Far Infrared Absorption in Liquid Hydrogen (Translational Band).

Infrared Absorption (Rotational Band) ...............

Ramon Displacement ........................

Ultra Violet Absorption .....................

Specific Heat Input Function ...................

Energy Derivative Function ....................

Equilibrium Percentage of Para Hydrogen ..............

Ortho Para Density Differences ..................

Specific Heat Difference .....................

Thermal Conductivity Difference .................

Heat of Conversion ........................

Normal Hydrogen

Compressibility Factor Chart & Table ...............

Specific Heat at Constant Pressure (Heat Capacity) ........

Specific Heat at Constant Volume (Heat Capacity) .........

Heat of Vaporization .......................

Prandtl Number ..........................

Specific Volume (PVT) .......................

Density (P-p-T) ..........................

Velocity of Sound .........................

Surface Tension ..........................

Thermal Conductivity .......................

Temperature-Entropy Chart (0 to 150 K) ..............

Temperature-Entropy Chart (130 to 300 K) .............

Temperature-Entropy Chart (280 to 600 K) .............

Vapor Pressure (Above 1 atmosphere) ................

Vapor Pressure (Below 1 atmosphere) ................

Viscosity .............................
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Table C-5

Thermodynamic Properties of Coexisting Gaseous and

Liquid Parahydrogen (SI Units)
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01t/GINA_

OF POOR qU;_

I

TEMPERATURE

OEG. K

_' 13.80Q

* 13._00

IW

15

15

16

16

IF

17

18

18

19

19

20

2Q

_' 20.Zb8

• gB.Z68

Z1

Zl

22

2Z

23

Z3

2_

Z5

Z5

_6

26

27

Z8

Z8

29

Zg

30

3O

31

31

32

3Z

* 3z.gz_

T_E&MOJYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID PARAHYJROGEh C5

UENSITY V(DH/_)I_ V(DPIOU) -V(OP/3V) r (3VlOr_/v THERMAL VISCOSITY rHERPAL DIELECTRIC P_ANCTL
GONO_CTIVITY OI_fOSIVITY CONSTANT NUMBEP

KGICU M KJ/K_ MPA-CU MIKJ MPA I/DEG, K W/K°H KG/M-S _Q M/M_
X IC- _ 10 _ X 10

77.0235 bLZ.( O.Z561W gO.3WOI _.J1322 7_.5q Z55.05 0.06n53 1.25163 Z.235g

O.IZSW 139._ 0.0568W 0.60_9 ].OTSZ_ I2._3 7.36 3.03395 1.0003_ 0.6230

76.855W BI_.2 0.25WRO _8.3711 _,_IUWD 74,62 248.01 ).OOO_ 1.25101 Z.1511

0.1388 141.b 0.0668_ 0.0077 3.07WW1 12.5W 7.48 ).030RW 1.000W_ 0.5_91

_5.9963 621.g _._4_37 81.5580 0.01111 83.02 211.8_ 3.000_7 1.2;799 1.8128

O._Z_ I_0.5 0.06683 0.C131 0.3708_ 13.08 8.08 ).01qS! 1.003_7 0._591

0.3385 1_9.1 0.06080 0.0208 3.06023 1_.o6 8.68 _.Ol_3q 1.0010_ 0.5891

_q,l?lO 613.1 O.Z2Z_ _.CbI2 0.31_8_ q2.?! 175,07 ],03C57 1.2_15_ I._88_

0,_927 1_7.1 0.0B_7_ 0.0313 O.J_ 1_._7 9.28 3,OOq_ 1.001W8 0.7197

73.1950 60_.3 b,_lSCg bI.787_ 0.31]9_ 95.W3 159.3W 0.0005_ 1.21818 1.W063

0.6902 17_.6 0.06669 0.0_$2 0.06_95 IW._7 g.88 3.0068q 1.00_08 0.7_8W

ZZ.1693 b_l.C 0.2087W 56._B19 3.01_86 97.00 I_6.I0 _.0005_ 1.21_60 1.3_51

0,_5 181._ 0.065_5 O.O_ 0.054_? i_,_2 _0._ _.00517 1.00783 0.778_

71.0870 59_.1 0.2_31_ 52.351_ 0.01585 98._0 13_.Z& 3.00053 1.23083 1.29_

1.2_7_ I_?._ _.Oob_b 0.0_0 J.Jb_2) 1E._ 11.11 ).U0399 I.C0376 0.80_2

70.78b_ $_.9 0.20176 50.207_ 3.0to_ 98.97 131.98 3.30052 1.72978 1.2893

1,33_8 189.1 0.06b67 0.0903 0.06_2_ 16.9_ II.78 0.00375 1,00_0_ 0.8091

09.9_03 577.8 0.1981_ _.29_5 0.0171_ 100.35 12_.87 3.00051 1._268_ 1.2_8

1.618_ 193.0 O.CE&/Z 0.1093 0.0b_71 17.79 11.7_ 0.00317 1.00_89 0.82_1

58.7200 5_3.1 0.103_7 _1.1835 0.01921 100.95 11_,11 _.000_ 1.22261 1.2_W_

Z,DZII 197.5 0.06686 0.1388 0.0_597 19.02 12.38 ].0075_ 1.00_Z5 0.8W81

67.W1W9 5&0.5 0.18882 35._55; 0.02162 101.20 108.22 3.000W_ 1.21810 1.E_99

Z.6119 2C1.2 0.06708 0.1719 9.0_80_ 20.3_ 13.0_ 3.00205 1.00789 0.8_69

66.0112 5_3.0 0.18378 30.857_ 0.0239_ 100.8_ 101,01 3.000_ 1.21325 1.75_3

3.25_8 Z03.g 0.06739 0.20el 0.07108 Zl.81 13.73 _.00166 1.0098_ 0.9123

_._917 5_.2 0.17820 26.kg_5 0.02_5 99.93 9_.32 _.000_2 I.ZOBOZ 1.7687

_.01_1 2_5.8 0.06777 0.2_60 0.075_3 Z3._3 1_,_ 0.00135 1.01Z16 0.9567

_2.8337 _75.1 0.17151 21._2_ 0.0311_ 98._3 88.03 0.00038 1.20Z3] 1.3Z_0

_.9215 206.9 0.05822 0.28_2 0,081_ 25.2_ 15.1q 0.00110 1.01_91 1.01_5

61.0065 _51.1 0.1_381 17._$_6 0.33585 9_.38 82.02 0.00035 1.19608 1.3_5_

5.9999 207.3 0.05868 0.32C1 0.09007 _7.3_ 1_.00 3.00088 1.01823 1.0915

58.96_5 _1_._ 0.15535 13.1188 3.0_17 93.78 76.19 3.00031 1.18913 1.5012

_.2979 207.1 0.06917 0.3_98 0.10259 _g.gl ]6.89 0.00069 1.02_16 1.1997

55._0 38_._ 0,1_500 9.1qE7 0.05763 _0.55 _0._2 O.O00Z_ 1.181Z5 1.71_6

8.88_0 Z06.2 0.089_? 0.3576 3._27Z0 33.18 17.91 ].0]05J 1.02703 1.3_01

53,9303 350,_ 0.13555 _.27_3 3.07585 86.57 _.57 3.00022 1.17Z08 1.983_

10.881Z 2_.7 0.0_965 0.36_8 0.15531 37.87 19.17 0.00039 1.03319 1.6195

50.5892 310.8 0.17320 3.5282 0.11759 85.85 58.W0 3.00017 1.16087 _._865

13.5_11 202.6 O.ObgS_ 0.3205 0.2Z979 _6._8 20.89 _.00027 1.0_1_0 2.0930

_5.9927 Z_5.8 0.107_ 1.3886 3.2_590 91._6 51.31 3.30011 1.1_555 3.667_

17._983 199.1 0.06952 0.22_8 0._3710 66.77 _8.Tg 0.00016 1.0_373 3.100_

31.4Z85 199.0 3S._3 1.09_95

r
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TFf_MOJ_NAMIC PROPEPTIES 3c CO[XISTING GASEOUS AND LIQUID PARAHT_ROGEN

TEMPLRAIURE PRESSURE [_OlhE_M I50CMORE INTERNAL ENTHAL@Y ENTROPY CV CP

OE_IvAIIV_ O£RIVATIVE ENERLY

OEG, _ MPA CU M-FEA/_O MPA/K KJI_G-K KJ/KG KJIKG-K KJ I K_-K

lJ.U_J _,_070 1.112_ D.g_3W -30_.0 -_0_._ 4,96W _.G7 6.36

• t3,SuQ 0.0070 U.0552 _.GG05 64.2 14U.3 37.520 6,21 10,52

IW O.OG?g 1.1_? 0.923W -301.6 -{07.5 5.057 _,72 6._7

Iw O.OOT@ _ US_ 0.0006 65.3 IW2,t 37,1_5 6.21 10.5_

15 0.013_ I._7_G 0._064 -3@C.g -30_.7 5.525 4.92 6.91

15 O,O}JW _,(5_ _._&O_ gb,/ 151.1 35,648 6,24 10.67

16 0.021_ I.LC;/ 0.8803 -293.7 -2g3.4 5.989 5.1_ 7.3_

10 0.0216 3.c61S 0.0014 _5.g 159o6 3W°303 6.21 10,_5

17 G.0520 j.c1?_ 0._750 -286.0 -285.6 6.453 5,30 7.88

17 0.0320 d,_6J? 0.0821 110.7 16_._ _3.111 6.32 11.07

18 0.0482 U._I 0.8612 -277.9 -277.3 6.917 5._7 8.42

18 0.04_Z O.L6(w 0.002g I05.1 115.0 32,0W2 6.37 11.3_

Ig 0.0682 0./_E_ 0.8_65 -26_.3 -_6_.4 ?.362 5.62 8.03

ig 0.06_2 d.OL_7 0.b0_0 10g. I 161,7 31.073 6._3 11.6E

20 0.0035 0.7364 0.8300 -260.2 -_Sd.g 7.851 5.75 9.h_

_0 U.0_35 b.CE7_ 0.0054 i12.7 187.0 30.184 6._g 12.OR

• ZO.Zb_ 0.1013 J.70_3 0,8253 -257.7 -_5b.2 7.g77 5.7@ g.66

20.Zb_ 0.1013 D.OE7 _, 0.0068 113.6 184.3 29.967 6.50 12.15

21 0.IK50 J.1619 C.811g -250.5 -240._ 8.323 5.65 10.13

21 0.1250 0.0675 0.0071 116.8 193.0 29.369 6.55 12._g

_ 0.I_3_ _.5_3 0.7g13 -2_0.3 -237._ 8.802 5._5 10.82

22 0.1634 0.067L 0.0092 118.3 197.2 28.592 6.61 13.03

23 0.2006 0.52_ 0.7673 -2zg._ -226.3 9.287 6.03 11.60

23 0.2036 0.0658 0.0117 i20.2 200.6 27.855 6.68 13.6 _

24 0.26_5 0._675 0.7380 -217.g -213._ g.7_3 6.00 12.52

24 0,2645 J.Cb3g G.Gl_8 121.4 202°6 27.148 6.74 l_.hg

25 0.3288 0._168 0.7060 -268.5 -20J.4 10.2_I 6.14 13._

25 0.3288 U.0613 0.0186 121.7 205.6 26,_61 6.81 15.52

_6 0.4035 0.341_ 0.6676 -I02.3 -185.9 10.813 6.20 I_.8_

26 0.4035 0.£57_ 0,0231 121.1 203.1 25.78_ 6.8g 16.85

27 0.4892 0.Zd58 0.625l -178.2 -i7_.1 11.356 6.28 16.17

27 0.4892 0.t5_3 0.0288 119.3 200._ 25.10h 6.g9 18.66

28 0.5871 0.222_ 0.579_ -162.8 -152._ 11.926 6.33 L8.48

28 0o5871 0.0_79 0.0359 116.1 196.5 24.439 7.11 Z1.2_

29 0.6978 0.1_24 0.5300 -1_5.g -13]._ I_.835 6._1 22.05

29 0.6978 J.C_I_ 0.0_9 110.9 180.5 23.680 7.2_ 25.19

30 0.8Z25 0.11E3 0._75g -126.g -_II.7 13.200 6.51 26.59

30 0.8225 _.G33_ 0.0569 IC3.2 i78._ 22.8_7 7._0 31.99

31 0.9627 0.6697 0.41_9 -10_.9 -85._ 13.960 6.66 $6.5_

31 0.9627 0.0237 0.0736 91.5 162.6 21.976 7.82 _6.56

32 1.ii98 0,_302 0.3_Ib -76.7 -52.4 1_.917 6.91 65.37

3Z 1.1198 0oC12g 0.0987 72.1 13_.1 20.811 8.11 _7.02

32.976 1°2928 0.1898 -2.8 38,3 17.565

VELOCITY

OF SOUND

M/S

126_

306

1256

3O8

1228

1200

326

1168

11_

1120

3_8

IIDG

35_

108_

355

107C

355

363

1010

367

g8c

371

9_8

3?3

903

376

86O

377

806

378

7W7

_T8

689

619

3_5

53h

372

SURFACE

TFNSION_
N/M @ 10

2.9910

2.9578

2.7921

2.627C

2._625

2.2087

2.1351

1.9732

1.0209

1.8117

1.6510

1.4913

1.3327

1.1751

1.0180

0.86_1

0,7110

0,5590

0.4112

0.2659

0.125_

O.O00C
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Table C-2

Thermodynamic Properties of Parahydrogen (Isobars, SI Units)
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C 2

0.01 MPA ISOBAR

THERHODYNAHIC PROPERTIES OF PARAMYOROGEN

TENPERATURZ VOLUNE I_OTMERH ISOCHORE INTERNAL ENTH4LPY ENTROPY CV

OERIVtTIVE DERIVATIVE ENERGY

O(G. K CU M/KG CU M-NPA/KG MPA/K KJ/KG-K KJ/_G KJIKG-K KJ

• 13.80_ 0.01298 1.1628 0.9233 -308.9 -308o8 4,968 k,ST

14 0.01301 1.1302 0.9233 -307,6 -307.5 5,059 _.72

• 1_._30 0.01307 1.1173 0.9196 -304,8 -304,7 5,259 _,80

1_.430 5.83386 0.C_71 0.0007 87.7 146.0 36.490 8.2Z

15 6.07554 0.0596 0.0007 91,3 152.1 36.907 6.ZZ

16 6.49796 0.[8_0 0.0006 97.8 162.6 37.5_7 6.21

17 6,91087 0.0683 0.0006 103.9 173.1 38.224 6,20

10 7.33861 0.0725 0,0006 110.2 183.6 30.822 6.20

19 7,757_3 0.0768 0.0005 116.4 194.0 39.388 6.20

20 8.17550 0.C010 0.0005 1EZ.7 204.5 39.923 6.20

21 6.59295 0.0852 0.0005 170.9 214.9 40.431 6.20

ZZ 9.00988 0,0095 0.0005 135.2 Z25.3 q0.918 6.Z0

23 9,_Z636 0.0937 C.O00; 1;1._ 235.7 41.378 6.20

24 9,84Z45 Q,0979 0.000; 147.7 Z;6.1 _1.820 6.19

25 IO.ZSOZZ 0.1021 0.000; 153.9 Z56.5 42.244 6.19

26 10.67369 0.1062 0.000_ 16D.1 266.8 ;2.651 6.19

27 11.08891 0.1104 0°000; 166.3 Z77.2 ;3.0k3 6.19

26 11.50391 0.1146 0.000_ 172.6 207.6 43.420 8.19

Z9 11.91870 0.1188 0,0003 178.8 298.0 43.784 6.19

30 12,33332 0.1229 0.0003 185.0 308.3 44.135 6.19

31 12,74778 0.1271 0.0003 191.2 318,7 44,k75 6,19

32 13,16210 0.1313 0.0003 197.4 329,0 4;.603 6.19

33 13.57629 0.1354 0.0003 203.6 339.; 45.122 8.19

34 13.99036 0.1398 0.0003 209.8 349.7 45.431 8.19

35 lk.40432 0.1437 0.0003 216.D 360.1 45.731 6.19

36 14.81619 0,1479 0.0003 222.2 370.4 46.022 6.19

37 15.23196 0.1_20 0.0003 226.4 380.6 46.306 6.19

38 15.64568 0.1562 0.0003 234.7 391.1 46.581 6.20

39 16.05931 0.1803 0.0003 240.9 401.5 46.850 6.Z0

40 16.47288 O.JGq5 0.0003 247.1 411.8 47.112 6.20

42 17.29983 0.1728 0.0002 259.5 432.5 47.817 6.21

44 18.12557 0,1811 0.0002 271.9 453.2 48.099 6.21

46 18.95313 0.1893 0.0002 284.4 ;73.9 48.559 6,23

48 19.77955 :.1976 0.0002 Z98.9 994.7 49,001 5.Z5

50 20.60580 0.2059 0.0002 309.4 515.5 49°425 6,27

52 21.43196 0.21_Z 0.0002 322.0 536,3 49.834 6.30

54 22.25800 0.2224 0.000Z 334.6 557.Z 50.228 8.33

55 23.08395 0.23G7 O.OOQZ 347.4 576.2 50.810 6,38

58 23.90983 0.2390 O.O00Z 360.2 599.3 50.979 6.43

60 24.7356_ 0.2472 0.0002 373.1 620.5 51.339 6,49

65 26.79987 0.2879 0.0002 406.0 674.0 52.196 6.68

70 28.86380 0.2888 0.0001 440,1 728.7 53.007 6.93

75 30.92747 0.3092 0.0001 475.5 784.8 53.760 7.24

80 32.99095 0.3299 0.0001 512.6 842.5 54.525 7.59

85 35.05427 0.35C5 0.0001 551.5 902.1 55.247 7.99

90 37,11746 0.3711 0.0001 592.5 963.7 55.952 8.41

95 39.1805; 0.3916 0.0001 635.6 1027.4 56.641 6.84

100 41.24353 0.412_ 0.0001 680.9 1093. k 57.317 9.27

120 49.49400 0.k950 0,0001 882.6 1377.5 59.901 10.83

140 57.74534 0.5775 0.0001 1110.1 t687.5 62.288 11.82

160 85.99544 0.8800 0.0001 1351.2 2011,Z 64.449 12.21

180 74.24525 3.7_25 0.0001 1595.7 2338.2 68,375 12.19

200 82.49467 0.8250 0.0001 1037.2 2662,Z 68.081 11.9;

220 90.74435 0.9075 0.0000 2073.0 2960.5 69.596 11.83

240 98.99373 0.9900 0.0000 2302.5 3292.5 70.955 11.33

260 107.24303 1._725 0.0000 2526.5 3598.9 72.182 11,07

288 115.49227 1.1550 0.0000 2745.8 3900.7 73.301 10.87

300 123.73215 1.2374 0.0000 2961.7 4199.0 74.330 10.72

350 144,353;0 1.4436 0,0000 3;91.6 4935.1 76.598 10.51

400 164.97452 1,8498 0,0000 ;014.6 9664.3 78.547 10.42

450 185.59556 1.8580 0,0000 ;534.8 6390.8 80.260 L0.40

500 206.21654 2.0622 0.0000 5055.1 7117,3 81.789 10.40

550 226.83749 2.2685 0.0000 5575.1 7843.5 83.174 10.41

600 247.45841 Z.4747 0.0000 6096.1 8570.6 84.437 10.42

700 288.70020 2.8871 0.0000 7141.0 [0028.0 86.605 10.48

800 329.94195 3.2995 0.0000 8193.4 11492.9 08.640 10.57

900 371.10367 3.7119 0.0000 9256.6 12966.6 90.376 10.70

1000 412.42538 4.1243 0.0000 10334.0 14458.2 91.949 I0.86

1200 494.90891 4.9492 0.0000 12544.2 17493.3 94.702 11.2;

1400 577.39658 5.77;0 0.0000 14830.3 20612.3 97.110 11.70

1600 659.93251 6.5988 0.0000 17233.3 23832.7 99.237 12.28

1800 7;2.781_4 r.4237 0.0000 19799.6 27227°4 101.197 13.;6

2000 826.97486 8.2;85 0.0000 22778,_ 31048.1 103,273 16.49

2500 1072.23177 10.3106 0,0000 37;96.2 48210.6 113.139 ;9.10

3000 1538,60332 12.3727 0,0000 80375.8 103761.9 138,424 145.32

• TWO-PHASE 80UNOARY Z_Z

CP VELOCITY

OF SOUND

/ K_-K HIS

6.38 1260

6.50 2248

6,67 124_

10.59 312

10,56 318

10.52 329

10.49 340

10.46 350

10,;4 360

10.43 369

10.4_ 379

10.41 386

10.4[ 396

10.39 405

10.38 414

10.30 422

10,37 430

10,37 438

10,36 4_6

10.36 453

10.36 461

10.35 460

10.35 476

10.35 483

10.35 490

10.34 497

10.34 SO4

L0.34 511

L0.34 517

10.35 524

10.35 537

10.36 549

10.37 561

10.36 573

10.41 585

10,43 598

LO.;7 608

10.51 617

10.56 627

10,67 636

10.82 658

11.07 679

11.37 697

11.72 714

1?.11 729

12.53 744

12,97 758

13.40 772

14.95 827

15.94 883

16.34 940

16.31 997

16.07 1053

15.76 1109

15.45 L162

L5.20 1213

15.00 1262

14.84 1309

14.63 L418

14.55 1517

14.53 1610

14.52 1697

14.53 1780

14.55 1898

14.61 ?008

14.70 2142

14.82 2268

14.98 2386

15.37 2601

15.83 2795

16.42 2970

17.66 3121

20.91 3235

$7.60 3478

179.51 3904

t
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0.01 MPA ]S3BAR

TNERMOOYNAM[C PROPERTIE_ OF PARaHYOROGEN

TEMPERATURE OENSITY VIOH/OV_ V(CP/DU_ -V{OP/O¢) T -(OV/OTk/V TMERMAL
CONDUCTI¢ITY

OEG. K KGICU M KJIKG MPA-CU MIKJ MPA IIDEG. K W/K-H

X 102 X 103

• 13.80_ 77.0167 6JB.8 0,25650 89.5531 0,01031 72.63

%k 76,8W35 6/1.8 0.25w78 86.8501 0,01_63 7W.61

= 1_,43J 76.4900 6?0.0 0.75071 81,4586 0.01076 78,59

= 14.430 0.1714 1_5.S 0.06684 0.00q8 3.07779 12.77

15 0.1546 $E1.5 0.0668_ 0.0098 0.0656_ 13.01

16 0.1539 1EZ.1 0.0668W 0.0098 0.0648_ 13,45

17 0.1445 177,6 0,06683 0,0099 0.3607W 13.89

18 0.1363 183,1 0,06681 0.0099 0.0571] 1h.40

19 0.%789 193.6 0.06680 0.0099 0.0539_ 1_._0

20 0.1773 204.1 0.06679 0,0099 0.05L05 15.5]

21 0.1164 ?1_.6 0,06678 0,0099 0.0_855 16.]2

22 0.1110 225.0 0.06677 0.0099 0.0_625 17.11

23 0.1d61 235._ 0.06676 0.0099 0.0_16 %?.51

24 0.1016 ?_5.9 0.06675 0.0059 0.04_76 18.70

25 0.0975 756.3 0.06675 0.0099 0.0_051 19,45

26 0.0937 ZE6.? 0.06674 0.0100 0.0389$ 20.78

?T 0.0907 ZI?.I 0.06674 0.0100 0.0]?4_ 2%.07

Z8 0.0865 ?PT._ 0.06673 0.0100 0.03606 71.85

29 0.0835 297.8 0.06673 0.0100 0.03479 2Z.64

30 0.0811 308.? 0.0667? 0.0100 0.03_61 ?3.WE

3% 0.078_ 318.6 0.06672 0.0100 0.03?51 24.17

3? 0.0760 3?8.9 0.06671 0.0100 0.031_ 7 ?_.87

33 0.0?37 335.3 0.06671 0.0100 0.030_0 75.51

34 0.0T15 349.7 0.06670 0.0100 0.02959 ?6.?Z

35 0.0694 360.1 0.06669 0.0100 0.0Z_73 ?5.9?

36 0.06?5 370.4 0.06668 0.0100 0.0?79] ?7.63

37 0,0657 380.8 0.06667 0.0100 O.OZTL6 28.33

38 0.0639 391.2 0.06665 0.0100 0.9?644 29.04

39 0.06?3 _01.7 0.06663 0.0100 0.02575 Z9,74

40 0.0607 412.1 0.06660 0.0100 0.07510 30.45

4Z 0.05?8 433.1 0.06653 0.0100 0.0?]90 31.85

44 0.055Z _5_.2 0.06643 0.0100 0.02280 33.25

46 0.05?8 475,5 0.066?8 0.0100 0.07180 34.65

k8 0.0506 497.1 0.06609 0,0100 0.02069 36.05

50 0.0485 519.1 0.06585 0.0100 0.0?005 IT.kS

52 0.046? 5k1._ 0.06554 o.0100 0.01977 38._5

54 0.04_9 564.2 0.06516 0.0100 0.01555 _0.?5

56 0.0433 587.7 0.06_71 0.0100 0.01789 k1.65

_8 0.0k$8 611.7 0.06418 0.0100 0.01777 k3.05

60 0.0404 636,5 0.06357 0.0100 0.01665 4_.51

65 0.0373 707.? 0.0617_ 0o0100 0.01540 48.]8

70 0.0346 773.8 0.05950 0.0100 0.01430 52.76

75 0.0323 851.1 0.05699 0.0100 0.0133_ 56.13

80 0.0303 937._ 0.05433 0.0100 0.01?51 60.04

05 0.0Z85 1079.? 0.05166 0.0100 0.0117? 65.00

90 0.0?69 1127.4 0.04909 0.0100 0.01117 65.56

95 0.0755 1731.? 0.04668 O.OtO0 0.01053 74.91

100 0,07_? 1339.5 0,04450 0.0100 0.01000 89.50

1?0 O.GZOZ 1793.9 0.03811 _.0100 0.00833 1t7.17

140 0.0173 7231.9 0.03491 0.0100 0.0071_ 136,14

160 0.015? 7613.6 0.033?6 0.0100 0.00625 148,?9

180 0.0135 2935.8 0.03385 0.0100 3.00556 155.64

ZOO 0.01?$ 3Z13.9 0.03453 0.0100 0.00500 160.18

Z]O 0.0110 3466._ 0.03546 0.0100 0.00_55 163.39

240 0.0101 3708.8 0.03641 0.0100 0.00_17 166.70

Z60 0.0093 3951,5 0.03775 O.OlO0 0.00385 169.11

280 0.0087 klq�.l 0.03794 O.OlO0 0.00357 172.33

300 0.0081 _53.3 0.03848 0.0100 0.00333 175.87

350 0.0069 5171._ 0.03925 0.0100 0.00?86 186.08

400 0.0065 5819.8 0.03956 0,0100 0.00250 197.39

450 0.0054 6538.4 0.03964 0.0100 0.00??2 ?0_.77

500 0.0048 72E?.3 0.03966 0,0100 0.00700 271.?1

550 0.0044 7993.3 0.0396? 0.0100 0.00187 733.?2

600 0.0040 87?9.7 0.03956 0.0100 0.00167 Z_5.72

700 0.0035 102Z3.8 0.03935 0.0100 O.OOL_] ?69.30

800 0.0030 117S7,5 0.03901 0.0100 0.00$75 Z93.66

900 0.00Z7 13341.4 0.03855 0.0100 0.00111 318.47

1000 0,007_ 1_9_3.1 0.03798 0.0100 0.00100 440.56

1200 0.00Z0 18442.? 0.03668 0.0100 0.0008] 511.$9

1400 0.0017 ?2156.4 0.03575 0.0100 0.00071 584.6?

1600 0.00$5 26ZE9.7 0,03350 0.0100 0.0006] 668.03

1800 0.0013 317_7.S 0.03065 0.0100 0.00056 _00.59

Z000 0.0017 4171_.b 0.0_508 0.0100 0.00050 1099.$6

75_0 O.GO09 138471,2 0.00874 0.0096 0.0004? 4536.70

3000 0.0006 _33048.8 0.00353 0,0080 O.O004L 15311.58

= TNO-PdASE BOUNDARY

C 2

VISCOSITY THERMAL OIELECTRIC PRANOTL

DIFrUSIV[TY CONS{ANT NUMBER

KGIM-S _O H/H_

X tO 7

75_.83 3.0005] 1.75158 ?._385

247.76 O,0O05h 1.25097 2.1598

?]h.oq 0.00055 1.24977 1.9873

7.74 _.07532 1.0005Z 0.6_?0

8.07 ].07696 1.00050 0.6546

8.64 0.07997 1.00046 0.6756

9.?1 0.03300 %.00044 0.6949

9.77 _.03635 1.00041 0.7099

10.32 3.03985 1.00035 0.7?35

10.87 0.04387 1.00037 0.7303

11.41 3.0_8_6 1.00035 0.7786

11.95 0.0533_ 1.00033 0.7267

17.48 J.058_4 1.00037 0.774?

13.01 _.0637_ 1.00031 0.7??5

13.57 0.0693_ 1.00079 0.7207

14.0W 0.0751G 1.00028 0.7181

1_.54 0.08105 t.0OOZ? 0.7159

15.04 0.08730 %.00076 0.7136

15.54 0.09374 1.00075 0.7117

16.03 0.10040 1.00024 0.?088

16.51 0.10690 $,0007_ 0.?089

16,99 0.11359 1.00073 0.7088

17,47 0.17049 1.0007Z 0.7085

17.93 0.1776t %.000?? 0,?078

18.40 0.1349_ 1,000_I 0,70?0

18.86 0.14747 1.00070 0.7061

19,31 ],15070 %.000ZQ 0.7051

19.76 Q,1581_ 1.00059 0.?04%

ZO.Z1 _,1667_ 1.000tq 0.70?9

?0.65 ).17_ 1.00018 0.7017

71.53 0.19166 1.00017 0.6994

??.38 0.20950 1.00017 0.6q71

23.?? 0.??80? 1.00016 0.6949

24.05 0.?47?0 1.00015 0.69ZT

?4,86 0.?6696 1.00015 0.6908

25.66 0.?87?5 1.00014 0.6893

_6.45 0.3080_ %.0001k 0.6080

?7.?? 0.3?9?? 1.00013 0.68??

?7.99 0.35074 1.00013 0.6869

?8.?4 0.37306 1.00017 0.6861

30.58 0._3167 1.00011 D,6836

3?.36 0.490?6 1,00010 0,685_

3_.09 0.5496_ t.00010 0.6905

35.?? 0.60879 1.00009 0.6985

37.41 0.67708 1.00009 0,69?3

39.01 0.7_86 1.00000 0.6988

40.57 0._1499 1.00008 0,7071

_5.74 0.q5173 %,00007 0,6847

54.09 %.39567 1.00006 0.6905

59.?0 L.77511 1.0000_ 0.6933

63.00 ?.15677 %.00005 0.6940

66.17 ?=55059 1.00004 0.6934

69.01 Z.96043 1.00004 0.69?3

71.65 3.3_T66 1,00003 0.6910

7_.18 3.8379_ 1.00003 0.6897

?6.63 _.79619 1.00003 0.6006

?9*03 _.77794 1.00003 0.6077

81.3q 5.??75q 1.00087 0.6870

87.71 6,60883 1.00007 0,6850

9?*95 8.05?66 %.0000? 0.6851

98.6? 9.b7376 1.00007 0.6847

I0_.73 $1.30685 %.00001 0.6844

$09.79 13.10_77 1.00001 0.6841

115.78 %5.0%505 1,00001 Q.6839

176.07 19.1637_ 1.00001 0.6837

136.61 ?],73_07 1.00001 0.6837

146.90 _8.?0857 %.00001 0.6838

156.95 43.657?5 1.00001 0.5338

176.47 55.763_0 1.00001 0.5304

195.11 7&.78658 1,00001 0.5Z82

713.14 96.65680 1.00000 0.5?39

730.67 171.73303 1.00000 0,5087

?_7.74 156._7369 1.00000 0.4713

?9?.93 30_.02305 1.C0000 0,3759

3h6.?? h77._6613 $.00000 0.4059

r
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C-2

0.02 MPA ISOBAR

TENPERATURE VOLUME

DEG. K CU N/KG

13.807 0,01298

14 0.01301

15 0°01315

• 15,032 0.01329

" 15,832 3.15931

16 3.19578

17 3._1127

18 3.625?9

19 3.83022

ZO 4.05030

21 4.26168

22 4.47250

23 4,68285

24 4.89279

25 5.10238

26 5.31167

21 5.52070

28 5.72950

29 5,93809

30 6.14651

31 6°35476

32 6.56286

33 6.27084

34 6.91869

35 7.18644

36 ?.39410

3? 7,60166

38 ?°80915

39 8,01656

40 8.22390

_2 8.63841

4k g.05221

46 9._6683

_8 9.88078

50 10.29461

52 10.70831

54 11.12192

56 11.53Y4_

58 11.94885

60 12.36221

65 13.39533

?0 14.42613

75 15.46069

80 16._9305

85 17.52525

90 18.55232

95 19.58928

100 20.62115

120 24.74793

140 28.87400

160 32,99962

180 3?°12496

200 41.25010

220 45.37510

2_0 49.50000

260 53.62482

280 57.74958

300 61.86966

350 ?2,18050

400 82.49121

450 92.80183

500 103,112_0

550 113.42Z93

600 123.73343

700 lk4.35W40

800 164.92531

900 185.59621

1000 206.21708

1200 242._5886

1400 288.70208

1600 329.96236

1800 371,33330

2000 413.12959

2500 530,09558

3000 726,79296

• TWO-PHASE BOONOART

ISOTHF_N

DERIVATIVE

CU M-MPA/KG

1.1634

1.1318

I.[325

1.C154

0.L610

3.0618

0.066_

0.C708

G.C752

0,L7_5

0.C882

0.0925

0.0967

0,1010

0._r52

0 : 45

0 1137

0 1179

0 1221

0 1263

0 1305

0 13_7

0.1389

0.1431

0.1473

0.1_15

0.1556

0,1598

0,1640

0.1723

0,1806

0.1889

0.1923

0.2056

0.2139

0._222

0.23C4

0.2387

0.24?0

_.2677

0.2_84

0.3091

0.3298

G.3504

0.3711

0.3917

0.4124

0,4950

0._775

0,66_I

0.7426

0,8251

0.9026

0.9901

1.07?6

1.1551

1.2375

1.4438

1.6500

1._562

?.062_

2.268_

2._748

2.88?3

3.2997

3.7121

4.12_5

4,9494

5.7?42

6.5990

?.4239

8.2_87

10.3108

12.3729

THERMO3YNAMIC PROPERTIES OF PARAHYDROGEN

ISOCMORE INTERNAL ENTHALPY ENTROPY CV

DERIVATIVE ENEkGY

MPA/K KJ/KG-K KJIKG KJIKG-K KJ /

0.923W -30_.9 o30_.? 4.966 4.6?

0.9234 -307.6 -_07.4 5.058 4.72

0.9076 -300.9 -300,7 5,520 4.92

0.8919 -29_.9 -29_.7 5,911 5.09

G.0013 95,0 15_.? 34.518 6._l

0.0013 96.1 160.0 34.632 6.26

C.0012 102.5 170._ 35.284 6.24

O.OOIl 10_.9 181._ 35.894 6.23

0.0011 115.3 192.I 36,468 6.22

0.0010 121.6 202.6 37.010 6.ZI

0.0010 12d.0 213.2 37.5_5 6.21

0,0009 134,3 223.7 38.01_ 6.21

0.000_ 1_0.5 23_.2 38.481 6,ZI

0.0008 1_.8 244.7 38.9?? 6.20

0,0008 153.1 255.1 39.354 6.20

0.0C0_ 15_,_ ?65.6 39.76& 6.20

0.0008 165,6 2?6.0 40,152 6.20

0.0o0? 171.9 286.5 ;0.537 6.20

O.O_O? 175.1 296.9 40.902 6.20

O.OGO? 184.4 ]07.3 41.255 6.20

0,0002 190.6 317.7 41.596 6.20

0.0006 196.8 3_B.I 41.926 6,20

O.&G06 203,1 333°5 42.246 6,20

0.0006 209.3 348.9 42.55E 6.20

0.0006 215.5 359._ 42.85? 6.20

0.0006 221.? 363.6 _3.150 6.20

0.0005 228.0 380.0 _3,434 6,20

0.0005 234.2 390._ 43.710 6.20

0.0005 240.4 400.7 43.980 6,20

0.0005 246,6 411,I 44.242 6,20

0.0005 25_.1 _31.9 _4.748 6.21

0.0005 _71,6 452.6 k_.Z31 6,_Z

0.0004 289.0 ;73°4 k5.692 6.23

0.0004 296.5 _9_.2 46.135 6.25

0.000_ 309.1 515.0 46,560 6.27

0.0004 321.7 535.8 46.969 6.30

0.000_ 33_,3 556.8 47.364 6.34

0.0004 347.I 577.8 _7.746 6.38

0.0003 359.9 598.9 48.116 6.43

0.0003 372.8 620.1 _8._?_ 6.49

0.0003 405.8 673.7 49.334 6.68

0.0003 439.9 728._ 50.145 6.9_

0.0003 475.3 78_.5 50.919 7.24

0.0003 512.4 842.3 51.664 7.59

0.0002 551.4 901.9 52.386 7.R9

0,0002 592._ 963.5 53.091 8.41

C.0002 635,5 1027.] 53.780 8.84

0.0002 680.8 1093.2 54.457 9.2?

0.0002 882.4 1377.W 52.041 10.83

0.0001 III0.0 1687.4 59.428 11.82

0.0001 13_I.2 ZOll.t 61.589 12,21

0.0001 1595,7 2]38.2 63.516 12.19

0.0001 1837.2 2h62.2 65.222 11.9_

G.0001 2073.0 2980.5 66.739 11.6]

0,0001 2J02.5 3?92.5 68.0_6 11.33

0.0001 2526.4 3598.9 69.323 11.02

0.000t 2l_5.8 3900.8 ?0,442 10.87

0.0001 2961.7 4199.0 71.4T1 10.72

0.0001 3491.6 4935.2 73,740 10.51

0.0001 401_.6 5664.4 75.689 10.42

0.0000 _53_,8 6390._ 77.401 _0.40

0.0000 5055.1 7tlZ.4 ?8.930 zO.wO

0.0000 5575.1 7443.5 80,315 10.41

0,0000 &096.0 8570.7 81.579 IO.WZ

0.0000 7141.0 10028.0 83.826 10.48

0.0000 8193._ 11492.9 85.781 10.57

0.0000 9256.8 L2_68.7 87.518 10.70

0.0000 1_333.9 14458.3 89.090 10.66

0.0000 1254_.2 17493.4 _1.8_3 11.2_

O.O00O 14837,q 20611.9 94.251 11.6q

0.0000 17227,8 Z3827.1 96.37_ 12.2]

0.000o 19?63.5 27190.1 9_.316 13.17

0.0000 226i_.2 30577.7 100.323 15.41

0.0000 3_967.0 _5568.9 109.124 38.R6

0.0000 73552,5 880_S._ 127.747 113.0w

CP

KG-K

6.38

6.50

6.99

?.28

10.81

10.80

10.71

10.6_

10.59

10.56

10.53

10.51

10,49

10.42

10,46

10.44

10.43

10,42

10.41

I0.41

10.40

10.39

10,39

10,38

10.38

10.38

10.32

10.37

10.32

10.37

10.32

10.38

10.39

10.40

10,42

10._5

10.48

10.52

10.57

10.63

10.82

11.07

L1.38

11.73

12.12

12.54

12.97

13._0

14.95

15.94

16.34

16.3J

16.07

15,76

15.k5

15.20

15.00

14.84

14.63

14.55

14.53

14,52

14.53

14.55

14,61

14.70

14,82

14.98

15.37

15.82

16.36

I?.3_

19.75

_5.95

157.57

VELOCITY

OF SOUNO

M/S

1260

1249

1211

1205

325

326

33?

348

358

368

3_7

386

395

404

_13

421

429

432

_45

453

_68

468

475

482

490

49?

50k

510

524

53T

961

5?3

584

596

606

612

627

636

658

6_9

69?

214

129

?44

?58

822

883

940

99?

1054

1109

1162

1213

1262

1309

1418

1517

1610

1697

1780

1858

2006

2142

2268

2386

2601

2?95

2971

3127

3251

3490

3875

T
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0,02 MPA ISOBAR

THERNOOYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERAIUPJE DENSITY V(OH/OV)p V(OP/OU) V -V(DP/OV) T -{DVIOT_JV IHERMAL
CONDUCTIVITY

DEC. K KGICU M KJ/KG M_A-CU MIKJ MPA IlDEG, K WIK-M

x 1C 2 x 103

• 13,80? 77.022W 619.1 0o25669 89.608? 0.01031 72,67

lk 76.8522 612,_ D.25_79 86.9769 0.01062 7_.62

15 76,0Z_7 60_.6 0.2_263 78,_985 0.01156 83.06

• 15.832 ?5.2560 623._ 0.23300 76._167 0.01167 88.03

15.032 0.3165 157.? 0.06680 0.0193 0.06060 13.56

16 0.3129 159.6 0.06682 0,0193 0.06771 13.63

17 0.2931 170.1 0.06687 0.019_ 0.06293 16.0_

10 0,2758 180,8 0.06689 0,0195 0.05887 16.52

19 0.2605 191._ 0.06689 0.0196 0,Q5535 15,02

20 0.2469 202.0 0.06689 0.0196 0.05227 1S,63

21 0.2346 212.6 0.06688 0.019T 0.06953 16.61

22 0.2236 223,2 0.06686 0.0197 0,04?08 17.20

23 0.2135 233.7 0.06685 0.0197 0.0448T 17,99

24 0,2064 Zk_.2 0.06604 0,0198 0.04287 18.78

25 0.1960 25_.7 0.06603 0,0198 0.04105 19,57

26 0.1883 265.2 0.06682 0.0198 0,03938 20.35

27 D,1011 275,7 0,06681 0.0198 0.03784 21.13

28 0.17_5 286.2 0,06680 0.0198 0.03642 21.91

29 0,168_ 296.6 0.06679 0.0199 0,03511 2Z.TO

30 0.1627 307.0 0,06679 0.0199 0.03389 23.48

31 0.157_ 317.5 0,06678 0.0199 0.03276 24.10

32 0.1524 321,5 0,06877 0.0199 0,03170 26.07

33 0.1477 338.3 0.066?6 0.0199 0.03071 25.5?

34 0.1433 368.7 0.06675 0.0199 0.02978 26.27

35 0,1392 359.2 0.06674 0.0199 0.02890 26.98

36 0.1352 3E9.6 0.06673 0.0199 0.02008 27.68

37 0.1316 380.0 0.06672 0,0199 0,02730 28.38

38 0.1281 390,6 0.06670 0.0199 0.02656 29.09

39 0,1267 400.9 0.06668 0.0199 0.0258? 29.79

40 0,1216 411.4 G,06665 0,0199 0.02521 30.50

kZ 0.1158 432.4 0.06657 0.0199 0.02398 31.89

64 0.1105 453.6 0.06647 0.0200 0.02280 33.29

46 0.1056 474.9 0,06632 0.0200 0.02187 36.69

48 0.1012 496.6 0,06613 0,0200 0,0209_ 36,09

50 0.0971 518.6 0.06588 O.OZO0 0.02010 37._9

52 0.0934 Bk0.9 0,06557 0.0200 0.01931 38,00

54 0.0899 563.8 0.06519 0.0200 0.01859 40.28

56 0.086? 507.2 0,06676 0,0200 0.01792 41.68

50 0.003? 611.3 0.06621 0.0200 0.01730 63,08

60 0.0809 636,1 0,06360 0.0200 0.01672 64.54

65 0.0?47 701.8 0.06176 0.0200 0,01542 _8.62

70 0.0693 773.5 0.05953 0.0200 0.01431 52.29

75 0,0647 851.8 0.05701 0.0200 0.01336 56.16

80 0.0606 937.0 0.05635 0.0200 0.01Z52 60.0?

85 0.0571 1028.9 0.05160 0.0200 0.01178 65.02

90 0.0539 1127,2 0,04910 0.C200 0.01112 69,98

95 0.0510 1231.0 0.04670 O.OZO0 0.01054 74.96

100 0,0485 1339.3 0.06451 0.0200 0.01001 89.50

120 0.0404 1793,8 0.03812 0.0200 0.00834 117.11

160 0.0366 Z231.8 0.03491 0.0200 0.00714 136.14

160 0.0303 2613.6 0.03379 0.0200 0.00625 168.29

180 0.0269 2935.9 0.03386 0,0200 0.00556 155.6_

200 0.0242 3214.0 0.03454 0.0200 0.00500 160.18

220 0.0220 3466.5 0.03547 0.0200 0.00455 163.39

260 0.0202 3709.0 0,036_2 0.0200 0,00417 166.Z0

260 0.0106 3951.7 0,03726 O.OZO0 0.00385 169.12

200 0.0173 4199.3 0.03794 0.0200 0.00357 172.33

300 0.0162 6453.6 0.03060 0.0200 0.00333 175,08

350 0.0139 5121.7 0.03925 0.0200 0.00206 186.09

kO0 0.0121 5820.1 0.0395? 0.0200 0.00250 197.60

450 0,0108 6538.6 0.03966 O.OZO0 0.00222 209.28

500 0.0097 T262,6 0.03966 0.0200 0.00200 221.22

550 0.0080 7993,6 0.03963 0.0200 0,00182 233.23

600 0.0081 8730.0 0.03956 0,0200 0,00167 245,23

700 0°0069 10Z26,1 0.03935 0,0200 0.00143 269.31

800 0.0061 11757.8 0_03901 O.OZO0 0,00125 293,67

900 0.0054 13361.7 0.03855 0.0200 0,00111 318.48

1000 0.0068 14983.4 0.03798 0.0200 0.00100 440,56

1200 0.0060 18_62.1 0.03668 0.0200 0.00083 511.17

2400 0.0035 Z2147.0 0.03527 0.0200 0.00071 566.23

1600 0.0030 26176.7 0.03373 O.OZO0 0.00063 664,26

1800 0.002? 31207,2 0.03133 0.0200 0.00056 778,71

2000 0,0024 39623.8 0.02681 0.0200 0.00050 1010.58

2500 0,0019 111728,k 0.01091 0.0195 0.000kl 3524,07

3000 0.0014 351285.0 0.00429 0.0170 0.00039 12265,90

TWO*P_ASE BOUNDARY

21-,5

VISCOSITY tHERMAL DIELECTRIC PRANOTL

01_KUSIVITY CONSIANT NUMBER

KGIMoS SQ MIH_

x 107

254.89 0.00053 1.25160 2.2378

267.9_ 0.00054 1.25100 2.1602

218,31 0.00056 1.26809 1.8373

197.78 0.00058 1.24539 1,6369

8.56 0.01k26 1.00095 0.6041

8.67 0.01457 1.00094 0,6870

9.2_ 0,01611 1.00088 0.7063

9.80 0°01781 1.00083 0.7178

10.35 0.01958 1.00079 0.7304

10,90 0.02158 1.00074 0.7363

11.46 0.02391 1.00071 0.7339

11.90 0.02636 1.00067 0,731S

1Z.50 0.02892 1.00064 0.7290

13.03 0.03159 1.00062 0.7264

13.55 0.03638 1.00059 0.7238

16.06 0,03726 1.00057 O,?Zlk

16.56 0.04026 1.00055 0.7189

15.0b 0.04337 1.00053 0,7166

15.56 0.04659 1.00051 0,7138

16.05 0,06992 1.00049 0.7112

16.53 0.05318 1.00047 0,7111

17.01 0.0565_ 1,00046 0,7100

17.k8 0.05999 1.00065 0.7104

17.95 0.06356 1.00043 0.7096

18.42 0.06724 1*00042 0.7086

18.88 0.07101 1.00061 0.7076

19,33 0,07687 1.00060 0.7065

19.78 0.0788_ 1.00039 0.7053

20.23 0.08291 1.00030 0.7061

20.67 0.00706 1.00037 0.?028

21.54 0.09563 1.00035 0.7006

22.40 0.10_56 1.00033 0.6980

23.24 0.1138_ 1.00032 0,6956

24.06 0.12363 1.00030 0,6934

26.87 0.13332 1.00029 0.6915

25,67 0,14347 1.00028 0,6898

26.46 0.15388 1.00027 0,6605

27.26 0.16468 1.00026 0.6877

28.00 0.17524 1.00025 0.6873

28.75 0.18E41 1.00024 0.6865

30.59 0.21571 1.00022 0.6839

32.3? 0.26530 1.00021 0.6855

34.10 0.27477 1.00019 0.6908

35.78 0.30609 1.00018 0.6906

37.42 0.33850 1.00017 0.6974

39,0? 0.37291 1.00016 0*6990

60.58 0.40749 1.00015 0.?022

65,76 0.49576 1.00015 0.6869

54.09 0.60775 1.00012 0.6906

59.20 0.88750 1.00010 0.6934

63.00 1.07837 1.00009 0,6940

66.17 1.27531 1.00008 0.603_

69,01 1.48026 1.00007 0.6923

71.65 1.69391 1.00007 0.6910

7k.18 1,91657 1.00006 0,689?

76,63 2.14822 1.00006 0.6886

79.03 Z.38012 1.00005 0.6877

81,39 Z.63897 1,00005 0.68?0

87.21 3.30464 1.00004 0.6858

9?,95 4.02912 1,00004 0,6851

98,62 4.81222 1,00003 0,6867

106.24 5.65381 1.00003 0.6846

100.70 6.55281 1,00003 0.6841

115.78 7.50806 1.00002 0.6839

126,07 _,50752 1,00002 0.683?

13&,61 11.86783 1*Q0002 0*683?

146.90 14.35521 1.00002 0.6838

156.96 21,82932 1.00001 0.5338

176.63 29,6318& 1.08001 0.5304

105.12 33.38501 1,00001 0.5283

213.15 6_.73109 1.00001 0.S250

230.6_ 60.01969 1.G0001 0.5136

267.68 7&,12031 1,00001 0*4840

791.64 146.34712 1.00001 0*3803

345.55 232.91357 1,00000 0.3882
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0.0_ MP_ ISOBAR

THFRMOOYh_H[C PROPERTIES OF PARAHYDROGEN

IEMPERATURZ VOLUME ISDTHEPM ISCCHORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERIVAIIVF DERIVATIVE ENERGY OF SOUND

OEG. K CU M/KG CU M-MF_/_G MRAIK KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.81_ 0.01298 1.1EW7 0.9237 -]CR.9 -30_.W _.967 _,68 6.38 1261

14 0.01301 1.13_9 0.9236 -307.7 -30_.2 5.055 _.?? 6.50 1250

15 0.01315 1.07_6 0.9083 -301.0 -]0_.5 5.517 _.92 6.99 1212

16 0.013_1 O.ge, eg 0.8q05 -293.8 -?9_.2 5.98_ 5,12 7.k_ 1187

17 0.013_8 0._0E3 0.8754 -286.1 -285.5 6.k50 5.30 7.92 1163

• 12.492 0.0135T O.B_Ob 0.8682 -282.1 -281.5 6.6_3 5.39 8.15 115_

• 17.W_? 1.710)5 0.06W6 C.0025 102.9 171.3 32.566 6.]W 11.20 338

18 1.766k8 O.&bTO C.O0?_ 106.3 176.9 ]2.882 6.32 11.10 3_3

19 1.8r705 0.0718 C.0022 112.9 185.0 _3._78 6._ 10.96 35k

20 1.9_652 O.CT_ C.0021 119._ 19_o@ 3_.038 6.26 10.86 36_

21 Z.09514 O.CSIO C.0020 125.9 ?0_.7 3_.566 6.25 10.79 3_

22 2.20310 0.L855 C.O01g 132.3 ?20.w 35.066 6.2_ 10.73 38k

2] 2.31052 O.fHGG C.0018 13R.7 231.Z 35,5_2 6.23 10.68 393

2W Z.h1749 O.Cg_ C.OQI? 1_5.1 2W[,8 35.996 6,22 10.6_ 402

25 Z.52W09 O.[_P8 0.0017 151.S 252. W 36,_30 6.22 10.61 Wll

26 2.63035 0.1032 0.0016 157.8 263.0 36.845 6.22 10.5_ _19

2_ ?.7363_ 0.1076 0.0015 16W.2 ?73.6 37.?*4 6.21 I0.56 4?7

?S 2.8_208 0.1119 G.0015 170.5 ZSW.? 37.628 6.21 10.5W W3E

29 ?.9_761 0.1162 O.001k %76.8 79_.7 37,998 6.21 10.52 _k

30 3.052_5 0o1205 0.001_ 1_3.1 305,2 38,35_ 6.?I 10,_1 _

31 3.15812 0.12k8 0.0013 189._ 315.7 38.698 6.21 10._9 k59

32 3.2631_ 0.1291 0._013 195.7 3?6.2 39.031 6.21 10.w8 667

33 3.36802 0.1333 0.0012 201.9 33b._ 39.353 6.21 10._7 _7_

3_ 3._T?28 0.1376 _.0012 ZC8.2 3_7.1 39.666 6.Z0 10._6 _82

3_ 3.577_k 0.1_8 0.0012 214.5 ]57.6 39.969 6.20 10._5 _89

36 3.65199 _.1_61 0,001i 220.7 368.0 _0,263 6.?0 lO.k_ _96

37 3.286_6 0.1503 O.OOil 222.0 378.5 _0.5_9 6.20 10._3 503

38 3.8908_ 0.15_5 0.0011 233.3 388.9 _0.8E7 6.20 10._3 510

39 3.99515 0.1588 0.0010 239.5 399.3 W1.098 6.21 10,W2 516

_0 _.09939 0.1630 0.0010 2_5.8 409.7 kl.362 6.21 10,_2 523

_ _.30768 0.171_ 0.0010 258.3 _30.6 _1.870 6.21 10._2 536

4_ _.515T6 0.1_8 8.0009 ?70.8 _51._ _?.355 6.22 10._? 5_9

_6 _.72366 0.1882 0.0009 283,3 _T?.2 _2.818 6.23 10._2 561

48 _.931_0 0.19E5 0.0008 ?95.8 _93.1 _3.262 6.25 10._3 5T3

50 5.13901 O.?O_g 0.0008 308._ 51_.0 _3.688 6.22 10._5 58k

57 5.3_9 0.2132 0.0008 321.0 53_.9 W_.098 6.30 10._? 595

54 5.55387 0._216 0.0007 333.7 555.9 _k._gk 6.3_ 10.51 606

56 5.76116 0._299 8.0007 3k6.5 576.9 _.877 6.38 10.55 616

58 5.96837 0.2383 0.0007 359.3 598.1 _5.2_8 6.93 10.60 6Z6

60 6.17550 0.2_6E 0.000? 37_.3 619,3 _5.608 6._9 10.65 636

65 6.69306 _.267_ C.OOOE _05.3 6T3,0 _6.k68 6.69 10.8_ 658

70 7.21030 3.28E1 0.0006 _39.k 727.& _7.280 6.94 11.09 67q

75 7.7?730 0.3088 0.0005 _74.9 78_.0 _8.09_ ?.2_ 11.39 697

80 8.24_10 0.3296 0.0005 512.0 8_1.8 _8.800 7.60 11.7_ 71k

85 8.7607_ _.35C3 0.0005 551.0 901.5 _9.52_ 7.99 IZ.13 729

90 9.27725 0.3710 0.0004 59?.0 963.1 50.229 8.kl IZ.Sk 7_

95 9.79365 0.39/7 0.000_ 635.2 10?6.9 50.918 8.8_ 1?.98 758

lGO 10.30996 _.4123 0.000_ 680.5 1092.9 51.595 9.27 i3.kl 772

1_0 12.37_51 0._0 0,0003 882.? 1377.2 5k.180 10.83 1_.96 8Z7

1_0 lk.43833 0.5776 C.0003 1109.8 1682.3 56.568 11.82 15.95 883

160 16.50171 0.6602 0.0003 1351.0 ?011.1 58.730 12.21 16.3k 9kO

180 18.56W51 _._28 0.0002 1595.5 2338.1 60.656 12,19 16.31 997

ZOO ?0.62T71 0.8_53 0.0002 183T.1 2667.2 6Z.362 ll.qk 16.07 109k

220 22.69048 0.q07g 0.0002 2072.9 2980.5 63,880 11.63 15.76 1109

?wO 2_.7531_ 0.990_ 0.0002 2302._ 3?92.5 65.237 11.33 15°W5 1162

260 _6.8157_ 1.07_g 0.0002 2526.3 3599.0 66._6_ 11,07 15.?0 1213

ZBO 28°8Z82_ 1.1E5_ 0.0001 27k5.7 3900.8 67.583 10.87 15.00 1262

300 30,938_2 1.2378 0.0001 2961.6 k199,1 68.612 10.77 1_.8_ 1309

350 36.09405 1._1 0._001 3_91.5 6935.3 T0.881 10.51 1_.63 I;18

_00 41.2k955 1.6503 0.0001 401_.5 5664.5 7?.830 IO._Z l_°55 1518

450 46._0_96 [.85f5 0.0001 453_.8 6391.0 7k.5_? 10._0 1_.53 1610

500 51.56032 2._27 C.O001 5055.1 ?II?°5 Pb. OT2 10._0 16.52 1697

550 56.71565 2._690 0.0001 5575.1 7_3.7 72._56 10._I 1G,53 1780

600 61.87095 2._752 0.0001 6096.0 8570.9 78.7?0 IO._Z l_.55 1859

700 72.19149 _._7_ 0,0001 71_0.9 10028._ 80.968 10._8 1_.61 2006

800 82.W9200 3.3000 0.0001 8193.; 11k93.1 8z.g?? 10.57 1;.70 21_2

900 92.802_8 3.71_k 0.0000 9256.7 12965,8 8_.659 10.70 1_.82 2268

1000 103.11Z9_ q.12;g O.O000 10333.9 1_58.5 86.231 10.86 1_.98 2386

1200 123.73385 _.9497 0.0000 125_.? 17_93.5 86.985 11.2_ 15.37 2601

1_0d 1_k.3552b 5.77_5 C._O00 1_837.5 20611.7 91.392 11.69 15.81 2795

1600 16_.98269 6.59o_ 0.0000 17223.9 23823.3 93.513 12.19 15.32 2972

1800 185.6_92_ 7._2_2 C.0000 19_37.9 27163.9 95._42 12.96 17.12 3132

2000 206._8386 8._90 0.0000 22498.0 30757._ 97._00 1_.65 18.92 326_

2500 262.92037 L0.3111 0.0000 33176.9 _3693._ I05.k_7 31.54 37.70 3509

3000 3_7.85821 12._732 0.0000 62713,5 76627.9 120.6W_ 86.94 1_.62 3853

• TWO-PHA$L BOUNOAR¥
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0.Oq MPA ISOBAR

1EHPERATURE DENSITY V{DMIDV)
P

OEG. K KGICU M KJ/KG

• 13,81_ 77.03W0 619.8

1w 76.8696 613.6

15 76.0W33 6{5,3

16 ?S.1384 608.0

17 7_.18_9 607.k

• 12.492 7].69L5 6C8.9

• 12._92 0.58_? 170.9

18 0.5661 176,3

19 0,5328 187.1

20 0.5034 197.9

21 0.4773 Z08.7

22 0.4539 21q.5

23 0.4328 Z30.3

24 0._137 241.0

Z5 0.39&Z 251.7

26 0.3002 2E2.4

27 0.3655 ?73.0

28 0.3519 283.6

29 0.3393 29&.Z

30 0,3276 304.7

31 0.3165 315,3

32 0.3065 325.8

33 0.2969 336.3

34 0.2380 346,8

35 0.2T95 357.3

36 0.2216 367,0

37 0.26_1 378.3

38 0.2570 388.9

39 0.2503 399.4

40 0.2_39 _09.9

42 0.2321 431.1

h_ O.ZZI_ 45Z.3

_6 0.2117 473.8

48 0.2028 _95.5

50 0.19_6 517.5

52 0.18?0 540.0

5_ 0.1801 562.9

56 0.1736 586._

58 0.1626 610.5

60 0.1619 635.4

65 0.1_9_ 701.2

70 0.1387 772.9

?5 0.129_ 851.2

80 0.1213 936.5

85 0.11_1 1028.5

90 0.1078 1126.8

95 0.1021 1230.6

100 0.0070 1338.9

_20 0.0808 1293.6

1_0 0.0693 2231.8

160 0.0606 2613.6

180 0,0539 2936.1

200 0.0_85 321_.3

220 O.O_kt 3_66.8

240 0.0_04 3709.3

260 0.0373 3952.1

Z80 0.03N6 _199.7

300 0.0323 _5_.0

350 0.0177 5122.2

400 O.OZ_? 5820.6

• 50 0.0215 6539.2

500 0.0194 22E3.1

55_ 0.0176 ?994.2

660 0.0162 8730.5

?00 0.0139 10224.7

800 0.0121 11758.4

900 0.0108 1]3_2.3

1000 0.0097 1_98_.0

1200 0.0081 1_4_Z._

1_00 0.0059 2214C.q

1600 0.0061 261£8.&

1800 0.005h 30511.3

2000 O.OOh8 3?299.5

2500 0.0038 9?396.5

3000 0.0029 Z7)1_7.0

• TWO-P_ASE BOUNDARY

THERMODYNAMIC PROPERTIES 0¢ PARAMYDROGEN

V(OPIOU) -V(DPIDV)
V T

MPA-CU HIKJ HPA

x 102

0.25646 89.7200

0.25483 87.2391

0.2_280 T5.6773

0.23158 72,8003

0.22254 67,1535

0.21861 64.889_

0.06672 0.03?8

0.06682 0.0379

0.0669_ 0.038?

0.06200 0.0385

0.06102 0.0387

0.06702 0.03R8

0.06701 0.0389

0.06700 0.0391

0.06698 0.039?

0.0669? 0.0302

0.06695 0.0393

0.0669_ 0.0394

0.06692 0.0394

0.06691 0.0395

0.06690 G.0395

0.06688 0.0396

0.06687 0.0396

0.06686 0.0396

0.06685 0.0396

0.06683 0,0397

0.06681 0,0397

0,06679 0,0397

0.066T7 0,0397

0.06674 0.0398

0.06666 0.0398

0.06655 0.0398

0.066k0 0.0398

0.06620 0.0399

0.06595 0.0399

0.06564 0.0399

0.06526 0,0399

0.06480 0.0399

0,06_27 0.0399

0.06366 0.0399

0.06182 0.0399

0.05957 C,O_O0

0.05705 0.0400

0.05_39 0.0400

0.05171 0.0400

0.04913 0.0400

0.04673 0.0400

0.04_53 0,0400

0.03813 0.0_00

0.03493 0.0400

0.03380 0.0400

0.0338? 0.0_00

0.03455 _.0_00

0.03540 0.0400

0.036_Z 0.0400

0.03726 0.0400

0,03795 0.0N00

0.038_9 0.0400

0.03926 0.0400

0,03957 0.0400

0.03964 0.0400

0.03966 0.0_00

0.03963 0.0400

0.03957 0.0_00

0.03935 0.0400

0.03901 0.0_00

0.03855 0.0400

0.03798 0.0_00

0.03668 0.0_00

0.03528 0.0400

0.03384 0.0400

0,C3183 O.OkO0

0.02819 0.0400

0.01334 0.0392

0.00533 0.0356

_ 2

-(OV/DT)/V THERMAL OISCOSITY THERMAL DIELECTRIC PR_NDTL

P CONOUCIIVITY DIFFUS]VITY _ONSTANI NUMBER

1/OEG. K WIK-H KG/H-S SQ HIH P

x 10 _ x 10 T

0.01029 7?.76 255.0_ 3.0005] 1.25154 2.2364

0.91059 74.63 248.30 3.0005_ 1.25106 2.1E11

0.0115W 03.08 218.62 0.00056 I._W_I6 1.8387

0.01223 88.91 19h.63 0.000_/ 1.2_W9_ 1,6280

0.01]04 92.73 175.22 0.0005_ 1.2_164 1.4961

0.0133_ 9_.22 166.89 0.000_6 1.23991 l,_h]l

0.06552 1_.61 9.58 0.00803 1.00176 0.7]38

0.0629? 1_.83 9.86 0.00_ 1.00121 0,73_1

0.05_5_ 15.27 10.41 0.00941 1.00161 0.7470

0.05487 15.86 10.95 0.010_4 1.00152 0.2503

0.05162 16.62 11.40 0.0116_ I.OOIW_ 0.7460

0.0_887 17.39 12.03 0.0128_ 1.00137 0.7420

0.04639 18.16 12.55 ].01_14 1.00130 0.73_3

0.0k_16 18.94 13.07 0.0154q 1.00125 0.734_

0.0_216 19.72 1].59 3.01689 1.00119 0.7313

0.0403_ 20._9 1_.10 0.018]_ 1.00115 0.725?

0.03869 21.27 14,61 3.01984 1.00110 0,7?52

0.03712 22.04 15.10 O.OZ14u 1,00106 0.T232

0.03577 22.82 15.60 0.02301 1.0010_ 0.2192

0.03_47 23.59 16.09 0.0246_ 1.00099 0.7163

0.03323 24.2q 16.52 0.02632 1.00095 0.7157

0.03_16 ?4.98 17.05 0.02801 1.00092 0.7150

0.03112 ?5.68 17.52 0.0297_ 1.00089 0.71_2

0.03_15 26.38 12.99 _.03154 1.000_ 0.?131

0.02924 27.08 18._5 0.0333_ 1.00084 0.7_19

3.02838 27.?8 18.91 0.03527 1.00082 0.7106

_,0275_ 28.48 19.36 0.0372t 1.00080 0.?003

0.02682 29.19 19.81 0.039?0 1.00077 0.7079

0.02610 29,89 20.26 0.04124 1.00075 0.7065

O.O?5W? 30.59 ?0.70 0.0W332 1.000?W 0.7051

0.02416 31.90 21.57 3.04762 1.00073 0.7024

0.0?303 33.38 Z].k? 3.05209 1.00067 0.6998

3.02200 3_.77 23.26 0.05674 1.0006_ 0.6972

0.07106 36.17 _4.09 0.06155 1.00061 0.6948

3.02019 3?.56 24.90 0.06650 1,00059 0.6927

0.019_0 38.96 25.70 0.07159 1.00056 0.6909

0.01866 40.36 Z6,_8 0.07680 1.00054 0.6895

0.01799 w1.75 27.26 0.08211 1,000S? 0.6886

_.01735 4].15 70.02 0.08750 1.00050 0.6881

0.01672 _N.61 25.78 0.09309 1.000A9 0.687?

0.01546 48._8 30.61 0,10776 1.00045 0.68_5

0.01_3_ 52.05 3?.39 3.12257 1.00042 0.6860

0.01338 56.2% 34.12 _.13732 1.00039 0.6912

0.01253 60.12 35.80 0.15200 1.00037 0.6_90

0.01179 65,0? 3?.43 _.16922 1._0034 0.69?7

0.01113 ?0,0] 39.03 0.18F_3 1.00032 0,6992

0.01054 ?_.98 _0.59 0.20374 1.00031 0.?024

0.01001 89.51 45.74 0.24?77 1.00029 0.6851

0.0083_ 117,11 5_.08 0.3_078 1.0002_ 0.6908

0.00215 136.1_ 59.?0 0._370 1.00021 0.6935

0.00625 I_8.Z9 63.00 0.53912 1.00018 0.69_1

0.00556 155.6_ 66.12 0.6376? 1.00016 0*69]5

0.00500 160,19 69.01 0.7_01_ 1.00015 0,6924

0.00_55 163.]9 21.66 0.8_?0] 1.00013 Q.6910

0.00417 166.70 7_.18 0.95838 1.00012 0.6893

0.00385 169.12 76,63 1.02423 1.00011 0.6886

0.00]57 122.34 ?9.03 1.19_71 1.00010 0.687?

0.0033] 125.89 81._0 1.31966 1.000i0 0.6870

0.00?86 186.10 87*22 1.65255 1.00008 0.6858

0.00?50 197._1 92,96 ?.01_84 1.C0002 0.6851

0,00Z]Z 209,]0 98.63 Z.4064_ 1.00006 0.684?

O.OOZO0 221.73 104.Z_ 3._2730 1.00006 0.68_

0.00182 233.?4 109,80 ].27686 1.CD_05 0.68_1

0.00162 745.?_ 115.29 ].75455 1.00005 0.68]9

0.0014] 269.33 176.08 _,79190 1.00004 0.68]7

0.00125 293.?0 136.62 5.93_71 1.0000_ 0.6837

0.00111 318.$1 1_6.92 7.1785] 1.00003 0.68]0

0.00100 _0.56 156.97 I0.91511 1.00003 0.5338

0.0008_ 511.16 176.44 1_._1632 1.00002 0.5305

0.00021 583,96 195.14 19,18995 1.00002 0.5285

0.0006? 661.59 213.12 ?_.08132 1.00002 0.5258

0.00056 763,23 ?30.63 Z_.79266 1.00002 0.5174

0.00050 9_7.36 247.66 37,23361 1.00001 0.494_

0.00041 2791._9 290.67 70.10222 1.C0001 0,39?5

Q.00037 95kI._8 34?.92 11_.2018_ 1.00001 0.3760
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d

0,06 HPA ISOBAR

TENPERATURE DENSIIY V(DH/OV)p

OEG. K KG/CU M KJ/KG

13,8ZL 77.0455 6ZC,_

£W 76.8869 614./

t5 76.0618 bOb._

16 75.1582 608.7

17 74.2067 608.1

18 73,2096 605.0

18.521 72.5645 604.?

* 18.621 0,8304 178.9

19 0.8185 183.1

20 0,7708 194.0

21 0,7288 ZCS.G

2Z Q.6916 Z£5.9

23 0.6582 226.9

24 0.6282 237.8

25 0.6009 248.6

26 0.5759 2_9.5

27 0.553£ 270,3

28 0.5321 281,0

29 0,51Z7 291.7

30 0,4947 302,4

31 0.4779 313.1

3Z 0,46Z3 3?3.7

33 0.4477 334.3

34 0.4340 344.9

35 0,4ZIZ 355.5

36 0,4091 356.1

37 0.3977 376.7

38 0.3869 387.3

39 0.3757 397.9

40 0.3670 4C8.5

42 0,3492 429.7

44 0,3330 451.1

46 0.3182 472.6

46 0.304? 494.4

50 0.2924 516.5

52 0,2810 539.0

5_ 0.2704 562.0

56 0.2607 5e5.6

58 0,2516 609.7

60 0.2431 634.6

65 0,2243 700.5

70 0,208£ 772.3

75 0.1942 850,7

80 0.%120 935.0

85 0.1713 1028.0

90 0.1617 1126.3

95 0,1532 1230.2

100 0.1455 1338,5

120 0.1217 1793.3

140 0,1039 Z231.7

160 0.0909 2613.7

180 0.0808 2936,2

200 0.0727 3214.5

220 0.0661 3467.1

240 0.0_06 37_9.7

260 0,0559 3952.5

280 0.0519 4200,1

300 0.048_ 4454.5

350 0.0_16 5122.7

400 0.0364 5821,2

450 0.0323 6539.7

500 0.0291 7263.7

550 0.0264 799_.7

600 0.0242 8731,1

700 0.0208 10225.3

800 0.0182 117_9,0

900 0.0162 13343.0

1000 0,0145 14984,6

1200 0.0121 18442.9

1_00 0.0104 22138.5

1600 0.00_1 20078.9

1800 0,0081 30636,3

2000 0.0073 37079.7

2500 0.0057 83721.9

3000 0,0044 2432_5.4

* TNO-P4ASE BOUNDARY

THERHOOYNAMIO PROPERTIES OF PARAHYOROGEN

V(OP/OU) -V(DPIDV)
V T

HPA-CU _IKJ MPA
x 10 =

0.25644 89.8014

0.25486 87.4081

0.24296 78,8559

0.23173 72.9692

0.??269 67.3243

0.21517 61.9320

0.21108 59.1157

0,06666 0.0556

0,06678 0,0558

0.06699 0.0564

0.06709 0.0569

0,06714 0,0573

0.06715 0.0576

0,0671_ 0.0578

0.06713 0.0581

0.0671£ 0.0582

0.06709 0.05_4

0.06767 0,0586

0.067G5 0.05&7

0,06703 0.0588

0,06101 0.0589

0.06700 0.0590

0.06698 0.0591

0.06697 0,0581

0.06695 0.0592

0.06693 0.0593

0.06691 0.0593

0.06689 0.0594

0.06686 0.0594

0,06603 0.0594

0.06674 0.0595

0,06663 0.0596

0.06648 0,0596

0.06628 0.0597

0.06602 0.0597

0.06571 0.0597

0.06532 0.0598

0.06_86 0.0598

0.06433 0.0598

0,06372 0.0598

0.06107 0.0599

0.05962 0.0599

0.05709 0.0599

0.05443 0,0599

0.05175 0,0600

0,04916 0.0600

0.04675 0.0600

0.04456 0,0600

0.03815 0.0600

0.03494 0.0600

0.03381 0.0600

0.03388 0.0500

0.03456 0,0600

0.03548 0.0600

0.03643 0.0600

0.03727 0.0600

0.03796 0.0600

0.03849 0.0600

0.03926 0.0600

0.03957 0,0600

0.03965 0,0600

0.0396? 0.0600

0.03963 0.0600

0.03957 0.0600

0.03936 0.0600

0.03902 0.0600

0.03855 0,0600

0.03799 0,0600

0,03669 0.0600

0.03529 0.0600

0.03389 0,0600

0.03206 0.0600

0.02885 0.0599

0.01482 0.0590

0.00610 0.0544

OF (-Z

-(DV/OT)/V THERMAL VISCOSITY THERPAL DIELECTRIC PRANOTL

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBEQ

IlOEG. K WIK-H KGI_-5 SQ M/HR
X 10 _ x 10 ?

0.0102_ 72.84 255.14 0.00053 1.2516_ Z.2350

0.01055 74.65 ?48.65 0.00054 1.25112 2,£670

0.01153 83.11 218.92 0.00056 1.24822 1.8_01

0.01Z21 88.95 194.90 0.0005? 1.24505 1.6289

0,01301 92.77 175.47 0.00057 1.24172 1.4968

0.01391 95.46 159.47 0.00056 1.73823 1.4067

0.01_42 96.52 150.87 0.00055 1.23598 1.3628

0.06445 15.43 £0.25 0.00574 1,0025_ 0,7E67

0,06245 15,58 lO.k? 0.005q9 1.00247 0.7601

0.05190 16.11 11.01 0.00670 1.00737 0.7673

0,05410 16.84 11.55 3,00750 1.00220 0.7600

0.05086 17.58 12,08 0.00834 £.00209 0,7539

0.04804 18.35 12.60 0.00921 1.0019_ 0.7486

0.04556 19.11 13.12 0.01011 1.00189 0.7435

0.04335 19.88 13,64 0.01105 1.00181 0.7394

0.04t37 20.65 14,15 0.0£?07 1.00174 0,7355

0.0395_ 21.41 14.65 0.01305 1.00167 0.7318

0.03794 22.18 £5,15 0.01_07 1.00160 0.7283

0.03645 22.94 15.64 O.OtSt_ 1.00155 0,7249

0.03508 23.71 16.13 0.01677 1.00149 0.7215

0.0338t 2k.40 16,61 Q.01737 1.00144 0.7204

0.03264 25,10 17.08 0.0185_ 1.00139 0.7193

0,03155 25.79 17.56 0.01966 1.00135 0,7181

0.03053 26,49 18.02 3,02086 %.00131 0.7167

0.02955 27,19 18.49 0.02209 1.00127 0.7152

0.02870 27.89 18,94 0.02336 1.00123 0.7137

0.02786 28.58 19.40 0.02465 %.00120 0.7122

0,02707 29.28 19.85 0.02599 1.00117 0.7106

0.02533 29.98 Z0.29 0.02735 1.00114 0,7090

0.02563 30.66 20.73 0.028?4 1.00111 0.707_

0.02_34 32.07 21,60 0.0316£ 1.00105 0.7044

0,02318 33.47 22.45 0.03460 1.00100 0.70£5

0,02213 3_.86 Z3,Z9 0,03771 1.00096 0.6988

0,02117 36,25 24.12 0.04092 1.00092 0.6962

0.02029 37,64 24.93 0,04_2_ 1.00088 0.6940

0.01948 39.03 25.72 0.04762 %.00085 0.6921

0.01874 40.43 26.51 0.05110 1.00081 0.6906

0.01805 41.52 27.28 0.05465 1.00079 0.6895

0.01741 43.22 28.05 0.05825 1.00076 0.6890

0.01682 44.68 28.80 3.061g_ 1.00073 0.6880

0,0%550 48.54 30.63 0.07177 %,00068 0.605E

0.01437 52.kl 32.41 0.08166 1,00063 0,6865

0,01340 56.26 34.14 0.09150 1,00059 0,60%6

0.01255 60.%7 35.8? 0.10130 1.00055 0,6004

0.01181 65,12 37,45 Q,£1_79 1.00052 0.6980

0,0111_ 70,0? 30.05 0.12428 1,00049 0.6095

0.01055 75,03 40.61 0.£3582 1.00046 0.7026

0,0%002 89,52 _5.74 0.16511 1.000_4 0.6854

0.00834 117.11 54.08 0.23246 %.00037 0.6909

0.00715 136.13 59,20 0.?9577 1,0003£ 0.6936

0,00625 148,29 63.00 0.35944 1,00027 0,6942

Q,00556 155.64 66,17 0.425%3 %,00024 0.6936

0,00500 160,19 69.01 _.49348 1.00022 G.6024

0.00455 163,40 ?£.66 0.564?3 1,00020 0.6911

0.00417 %66,21 74.%8 0,63890 1,00018 0.6898

0,00385 169.13 76.63 0.71624 1.00017 0.6887

0,00357 172,35 79.04 0,79657 1.000%6 0,6878

0.00333 %75.90 81.40 G.87989 1,00015 0.6870

0.00286 186,11 87,22 1,10185 £.00013 0.6858

0.00250 197.42 92.96 1,34342 1.0001£ 0.6851

Q.00222 200.31 98,63 %.60452 1,00010 0.6847

0.00200 221.25 104.25 1.885£_ 1.0000q 0.6844

0.00182 233,26 %09,80 Z,1848_ 1,00008 0,6841

0,00%67 245,27 115.30 Z,5033_ 1.00007 0.6839

0.00143 269,35 126,09 1.1950] 1.00006 0.6837

0.Q0125 293.72 %36.64 3,05699 1.00005 0,6837

0,00111 318.54 146,93 _.78633 %.00005 0.6838

0.00100 440.56 %56.99 7.27704 1,0000_ 0.5339

0,00083 511.£5 176,46 9,87?86 1,00004 0.5305

0.00071 583.83 195.16 12.79225 1.00003 0.5205

0,00062 660,41 713.19 16.04431 1.00003 0.5261

0.00056 756.37 230,65 1_.7966_ 1.00002 0.51gl

0.00050 920,05 24?.66 24.56292 %.00002 0.4996

0.00041 2463,29 290.23 45,5081X £,00002 0.4010

0.00037 8196.g5 341.07 75.054?8 1.0000£ 0.3718
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C-3

0.01 HPA IS03AR

T_RHO)YhAMIC PROPERTIES Or PARAHYOROGEN

TENPERATUME VOLUME TSOTMEPM ISOC_ORE INTERNAL ENTHAL_Y ENTROPY CV CP @ELOCIT¥

DEPIVATIV{ DERIVATIVE ENFRGY OP SOUND

DEG. K Cu MIKG CU M-M_A/K_ MDA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K 415

• 13o820 0.01298 t.1_72 C.9741 -308.9 -]07.9 _,988 k,68 6,30 1262

lk 0.01300 1,1411 0.9241 -307.8 -306.7 5,050 W,TX 6.19 1253

15 0.01314 1.03_8 0.9097 -301.1 -300.0 5.5i1 k.92 6.90 1211

16 0.01350 0.q729 0.8919 -293.9 -292._ 5.97? 5.17 7.43 1189

17 0.013_? 0.9092 0.8768 *2_6.2 -785.1 6,_4 5.30 1.91 1165

18 0.G1366 J.8_80 0.8623 -27_.0 -276._ 6.911 5._7 8._1 11_2

19 0.01385 0.183] 0.8_10 -269._ -268.] 7.379 5.62 8.96 111?

4 19._95 0.01396 0.T6_3 0.838_ -26_.Q -763.8 7.61k 5.69 9.18 1111

= 19._96 0.92223 0.0_71 0.00_7 110.9 18_,Z 30.623 5._6 11.8_ 351

20 0°95189 0.[698 0.00_5 114.5 190.? 30.923 6.W1 11.68 356

21 1.50981 0.0750 0._042 121.4 202.2 31.k87 6.35 11,w; 367

22 1.06687 O.OAO0 0.00_0 128.? 213.& 32.015 6.32 11.27 3T8

23 1.12311 0.08_9 0.0038 134.9 ?74.8 32.513 6.29 11.11 388

?_ 1.17885 0.0_q7 0,0036 lWl.5 235.q _Z.985 6.27 11.0w 397

75 1.23;13 0°09_ 0.0034 1_8.1 Z_._ 33._3_ 6.2& 10.96 kO6

76 1.28903 0._9_0 0.0033 154.7 257._ 33.863 6.75 10.89 115

?? 1.3_361 0.1636 0.0031 161._ 76_.? 34.273 6.25 10.81 ;Z;

2_ 1.39192 0.I082 0.0030 167.6 279.5 3;.666 6.2; 10.79 ;]3

29 1._5199 0.1127 0,007_ 17_.1 290.2 35.0_ 6.2_ 10.75 _11

30 1.50585 0.117_ 0.0028 180.5 301.0 35.108 5,23 10,72 _49

31 1.55953 0.]217 0.0027 186.9 311._ 35.759 6.23 10.68 157

32 1.61305 0.1261 0.0026 19_.3 322.3 36.098 6._3 10.66 ;65

33 1.66_;Z 0.1305 0.0025 199.7 333.0 36.WZ5 6.27 10.63 ;72

3_ 1.71967 0.13_9 _.002_ _06.0 ]_3.6 3G.T_ 6._ 10.61 W80

35 1.77_80 0.13_3 0.002_ 212._ 351.2 37.050 6.2_ 10,59 187

36 1.82582 0.1_37 0.0023 Z1_.7 364.8 37.3_8 6.2_ 10.57 ;9;

37 1.87875 0.1_80 0.0027 225.1 375.4 37.637 6.22 10,56 501

38 1.93160 _.1523 0.00_2 231.; T85.9 37.919 6.2_ 10.5; 508

3_ 1.98k37 0.15_7 0.0021 237.7 _96._ 36.192 6.22 10.53 515

_0 2.0]707 0.1{10 0.0020 2_.0 _07.0 38._59 6.22 10.52 522

k2 2.1_228 0.1695 0,001_ 256.6 _28.0 38.972 6.ZZ 10.51 535

;k 2.2_126 0.1781 0.0018 269.2 _9.0 39.160 6.23 10.50 5_8

_6 2.39Z06 0.1_ 0.0018 281.8 ;70.0 39.927 6.21 10.19 560

W8 Z.15670 0.1951 0.0017 _9_.5 _91.0 _0.371 6.26 10.50 572

50 2.56120 _.2C36 0.0016 307.1 512.0 ;0.803 6.28 10.51 5_;

52 2.66558 0.t1_0 0.0016 319.8 533.0 ;1.215 6.31 10.53 595

5; Z,76985 0.2705 0.0015 33_,5 55_.1 11.613 6.3W 10.56 6|6

56 _.87103 0,Z_89 0.001_ 3_5.; 575.3 ;1.998 6.39 10.59 616

58 _.9_813 £.2373 0.001_ 358.3 596.5 ;2.370 6._ 10,6; 626

60 3.08215 0.?_57 0.0013 371.3 617.8 ;2.732 6.50 10.69 636

65 3.3_191 0.2666 0.0012 _Ok.h 671.t _3.59k 6.69 10.07 650

70 3.601_0 0.2875 0.0011 _38.6 726. V ;;.;08 6.9_ 11.11 675

75 3.86062 0._0_ 0.0011 _7_.1 783.0 _5.185 7.2_ 11,11 697

80 _.11964 0.32_2 0.0010 511.3 5_0.9 ;5.932 7.60 11.76 711

85 k.37850 0._00 0.0009 550,3 900._ 46.657 7.99 1z,15 729

90 _.637z3 3.37E8 0.0009 591.k 962._ ;7.363 6.11 12.56 F6_

95 W.89585 0.3915 0.000_ 63_.6 1026.2 ;8.053 8.8_ 12.99 _58

100 5.15k38 0._I_ 0.000_ 679.9 1092.3 ;8.730 9.27 13.12 772

1_0 6.18280 0._951 0.0007 881.8 1376.8 51.318 10.83 11.97 827

I_0 7.22050 O._T/q 0.0006 I169.; 1687.0 53.707 11.82 15.95 883

160 8.25276 0,Ee05 0.0005 1350.7 2010.9 55.869 12.21 16.31 9;0

180 9._8;7_ 0.7_2 0.000_ 1595.3 2338.0 57.796 12.19 16.32 997

20d 10.31652 OoPcS_ G.dOOW 1836.8 2662°> 59.507 11.95 16.07 105;

2_0 11.3_817 0.9083 0.000_ 2072,7 29_0.5 61.020 11.63 15.76 1109

2_0 12.3?971 0.0_09 0.0003 2302.2 3_92.6 62.378 11.33 15.16 1163

260 13._1117 1.C73_ 0.0003 2526.2 3599.1 83.60_ 11.07 15.20 121k

280 1_._125_ 1.1560 0.0003 27_5.8 3901.0 6_.721 10.87 15.00 1263

300 15.17280 1.238_ 0.0003 _961.5 _199.3 65.753 10.72 11.85 1310

350 18.05083 1.k;_? 0.0002 349:._ k935.5 68.022 10.51 11.63 1118

WOO 20.62872 1._509 0.0002 4014.5 5664._ 69.971 10.42 11.55 1518

;50 23.20653 1.P572 0.0002 _534.? 6391.2 71.683 10._1 1_.53 1610

500 25.78_29 2.E63_ 0.0002 5055.1 7117._ 73.213 10._0 11.52 1698

550 28.36201 2.2696 0.0001 5575.0 7844.0 7_.597 10._1 11.53 1780

600 30.939_0 2._7_9 0.0001 6094.0 8571.? 75.861 tO.k_ L;.55 1859

700 36.0950_ 2._813 0.0001 ?1k0.9 10028.5 78.109 10.10 11.61 2006

800 41.2603_ 3.3007 0.0001 _193._ 11_93._ 80.06_ 10.57 1_.70 21;2

900 _5._0561 3.7131 0.0001 9256.7 12969.2 81.800 10.70 11.82 2268

1000 51.56066 ;.125_ G.0001 10333.9 11_58.q 83.372 10,86 11.96 2386

1200 61.87135 ;._50_ 0.0001 1754_.2 17193.9 8_.126 11.2_ 15.37 2601

11E0 72.18199 5.7753 0.0001 1_837.? _0611._ 88.533 11.69 15.01 Z795

16G0 82.;9476 6.60Ci C.O001 17221.2 23820._ 90.65? 12.16 16._9 Z973

1800 92,82135 7._2_ 0.0000 _q719.8 _71_5.5 92°572 12.81 16.96 313_

2000 103.Z0737 8.2_ 0.0000 ZZ_15.9 30672.5 9_._95 11.[1 18.3_ 3275

2550 130.71065 10._119 O.GCO0 31910.6 42367.5 102.009 26.33 31.85 3531

3000 168.34101 12.3739 0.0000 54937.2 68384.? 11_.73_ 66.97 80.08 3811

TWO°PdASE _UUNOARY 27_
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0.08 MPA ISOBAR

TEMPERATURE DENSITY V DH/DV_

DEG. K KG/CU H KJ/KC

• 1].8Z4 77.05/0 621.0

14 76.90_3 615.9

15 76.0803 606.6

16 75.1781 609.4

17 7_.Z283 608.8

18 73.2342 6C5._

19 72.1879 59e.G

• 19.496 71,6402 599.5

19,_95 1.08W3 184.6

20 1,0505 19_.1

21 0.9903 2C1.2

22 0.9]T_ ZIZ._

23 0.8904 223.5

2_ 0.8_&3 23_.6

25 0.8103 2_5.6

26 0.7758 25E.6

27 O.Tk_] 267.5

28 0.7153 278._

29 0.6087 289.3

30 0.66W1 300.1

31 0.6_12 310.9

]Z 0.61q9 321.7

33 0.6001 ]32.4

3_ 0.5815 3_3.1

35 0.56W1 353.7

36 0.5W77 364._

37 0.532] 376.0

38 0.517T ]85,7

39 0.5039 396.3

kO 0._909 _C7.6

k2 0._668 _2_.k

4_ 0.4450 _49._

_6 0._252 _71.5

_6 0.4070 k93.3

50 0.3904 515.5

52 0.3752 530.1

5_ 0.3610 561.1

56 0.3479 5_.7

58 0.3]50 608.9

60 0.32_4 633.9

65 0.2992 699.0

70 0.2r77 771.?

75 0.2590 850.1

00 0.2427 935.4

85 0.220_ 1027.5

90 0.2156 1125.9

95 0.2043 1229.7

100 0,19_0 1336.1

120 0.1616 1793,1

140 0.1385 2231.6

160 0.1212 2613.7

180 0.1077 2936._

200 0.0969 3214.7

220 0.0881 3W67.4

ZkO 0.0808 3710.0

260 0.0746 3952.g

Z80 0.0692 4200.6

300 0.06W6 4_.9

350 0.055_ 5123.2

k00 0.0485 5821.7

k50 0.0431 65_0.3

500 0.0388 7264.3

550 0.0]5] 7995.3

600 0.0]2] 8731.7

700 0.0277 10225.9

800 0.02_Z 11759.6

900 0.C215 11343.6

1000 0.019_ 1_9_5.3

t200 0.0162 18_3.5

1_00 0.0139 22137.4

1600 0o012t 250fl.8

1800 0.0100 30532.2

2000 O.G09T ]6650.0

2500 0.0077 7_519.G

3000 0,0059 220733.0

• TWO-PHASE BOUNOARY

THERMODYNAMIC PROPERTIES OF PAVAHYDPOGEN

V(OP/DU_, -V(OP/DV) -(Ov/Dr_/v THERMAL
CONDUCTIVITY

MPA'CU _/KJ MPA I/OEG. K W/K-M
X 10 Z X 10'

0.25641 89.9_78 0.01027 72.92

0.25_89 87.7567 3.]105] 74.67

0.24313 79.0342 0.01151 83.13

0.231_9 73.1378 0.0121_ 85._8

0.22283 67.9898 O,O1Zgg _2,_I

0.21631 62.1031 0.0138_ 95.51

0._0084 56.5_41 _.J1_g_ q?,O4

0.20503 54.7548 0.01531 97._3

0.06b65 0.0727 0.06_Io 16.11

0.06684 0.0734 0.0614_ 16._1

0.06708 0.07_2 0.05606 17.10

0.06720 0.0750 9.05_07 17.51

0.06726 0.0756 0.0_86 1_.55

8.06727 0.0761 0,0_707 19.]0

0.06726 0.0765 0.04_63 20.05

0.06725 0.0768 0.042_6 20.40

0.06722 0.0771 0.0_051 21.56

0,06720 0.0774 0.03876 22.]1

0.06718 0.0776 0.03716 23,07

0.0o716 0.0778 0.03570 23,43

0,06713 0.0780 0.03_36 Z_.SZ

0.06711 0.0762 0.03313 25,21

0.06709 0.0783 3.03199 25._C

0.06707 0.0785 0.03091 26.60

0,06/05 0.0786 0,0299W 27.29

0.06703 0.0787 0.02901 27.99

0.06701 0.0788 0.02815 28.69

0.06698 0.0r89 0.02734 29.38

0.06695 0.0/89 0.02657 30.08

0.06692 0.0790 0.32585 30.78

0.0668] 0.0791 0.02_5] 32.17

0.06671 0.0792 0.0233_ 33.55

0.06656 0.0793 0.02226 3_.94

0,06635 0.0794 0.02128 36.33

0.06610 0.0795 0.02039 37.72

0.06578 0.0795 0.01957 39.11

0.06539 0.0796 0.01881 90.50

0.06493 0.0796 0.01812 _I._9

0.06W39 0.0797 0.017_7 k3,29

0.06378 0.0797 0.01687 _4.74

0.06192 0.0798 0.0155_ _8.60

0.05967 0.0798 0.01_0 52._7

0.0571_ 0.0799 0.01]k2 56.32

0._5k46 0.0799 0.01257 60.22

0.05178 0.07£9 0.01182 65.17

0.0_920 0.0000 0.01116 70.12

0.0_678 0.0800 0.01056 75.07

0.0_59 0.0800 0.01003 89.53

0.03817 0.0800 3.00835 117.11

0.03495 O.ORO0 0.00715 136.L3

0,03382 0.0800 0.006?5 1_8._9

0.03309 0.0800 0.00556 155.65

0.0]_56 0.0800 0.00500 160.19

0.035_9 0.0800 0.00_$_ 163._0

0.03644 0.0800 0.00W17 166.22

0.0]728 0.0800 0.00385 169.1_

0.03796 0.0800 0.00357 172.36

0.03850 0.0800 0.00133 175.90

0.0]927 0.0800 0.00286 186, L?

0.03958 0.0800 0.00250 197.43

0.0]965 0.0800 0.00222 209.32

0.03967 0.0800 0.00200 221.26

0.0396_ 0.0800 0.00102 233.28

0.03957 0.0800 0.00167 2_5.28

0.03936 0.0000 0.001_3 269.37

0.03902 0,0800 0.00125 293.75

0.03655 0.0000 0,00111 318.57

0.03799 0,0800 0.00100 _40.56

0.03669 0.0800 0.0008_ 501.15
0.03530 0.0800 0.00071 583.76

0.01392 0.0800 0.00062 669.70

0.03219 0.0800 0.00056 752.28

0.02926 0.0799 0.00350 903.4?

0.01589 0.0789 0.000hl 2266.17

0,00670 0.0735 0.00036 7352.97

VISCOSITY T_°MAL 3[[L_CT_I_ P6ANDTL

_IFFUSIV_TY :;OxWSTANT =J_M£_

KG/_-S _0 M/H _

W 10 T

75S,26 3,000:_ 1,751_? 2,23_6

2_9,01 0.0005_, 1.2S1_ 2,1630

219,23 _.0005_ 1,?_2_ 1,8_15

_95.17 1.000_? 1.24517 1.6299

I75.7] ].000_ _ 1.2_17_ 1._974

i_9.70 3.00N_ 1.23831 1._0E5

1_6.2_ 3.0009_ 1,23_6,_ t.3_00

I_D.27 3.0005_ 1.7327_ 1.3716

I0._0 ],_04S/ 1.0033 _ 0.79]8

11,37 _.OD_t 1.0031_ 0.7679

II.60 0.005_ 1,0029_ 0.7764

I?.13 _.0060 _ 1.002_ 0.7675

i?.65 ].0067_ 1.0026_ 0.7601

13.17 ).007_2 1.00256 0.7530

13.69 _.00_13 t,002_ 0.74_I

14.19 ).00_8_ 1.0025_ 0,7_]3

15,19 ].01041 1.00_1_ 0.7347

15.68 0,01!?? 1.0020_ 0.7307

16.17 3*01206 1.0320J 0,7270

16.65 3.0_294 1.0019_ 0,7253

I?,12 J.0137. 1oC01_7 0.7237

17.59 0.01_? 1,001_I 0.7222

I_,06 0.01_5;' 1.00175 0,720_

18.62 0.01_ 1.00170 0,7186

18.9_ 0.01740 1,00165 0,7169

19._] 3.01_3_ 1.00160 0.7151

lg.88 0.0193_ 1,00156 0.7133

20.32 0.02040 1.00152 0.711_

20.76 0.021_ 1.0014_ 0.709_

2_.63 0.02361 1.00141 0.7065

22._ 0.02566 1.0013_ 0.?033

23.32 0.0_81_ 1.0012_ 0.700_

_4.1_ J.0306_ 1.00123 0.697?

24.95 0.03304 1,00114 0.6952

25.75 J.O356w 1.00113 0,6932

26.53 3.03826 1.00109 0.6916

27.31 0.0_092 1.00105 0.690_

28.07 0.04362 1.00101 0.6898

28.82 0.0_6_ 1.0009fi 0.6887

30.65 0.05375 1.00090 0.6857

32._3 _,06121 1.0008_ 0.6869

34.16 3.0685q 1.00078 0.6921

35.83 0.0759_ 1.00073 0.6997

37.47 3.084_7 1.00069 0.6983

39.06 0.09320 1.00065 0.6997

W0.62 0.10186 1.0006_ 0.7028

45,7_ 0.1237_ 1.00058 0.6856

5_.08 0.17_30 1.000W9 0.6q11

59.Z0 0,721_0 1,000_2 0.6937

63.00 0.76957 1.00037 0.69W3

66.17 0.]1_ 1.00032 0.6937

69.01 0.]701w 1.0002_ 0.6925

71.66 0._2359 1.00027 0.6911

74.19 0.47929 1.0002_ 0.6895

76.6_ 3°5372_ 1.00022 0.6fl87

79.0_ 0.5q750 1.00021 0.6878

81o40 0.66003 1.00019 0.6870

87.2] 3.8265] 1.00017 0,6858

92.97 1,00770 1.00016 0.6851

9R,64 1.20356 1.00013 0.68W7

104.26 1.4140_ 1.00012 0.6844

109,01 1.6388_ 1.00011 0.68_1

115.31 1.8727g 1.00010 0.6639

126.10 2.3966] 1.0000_ 0,6837

136.65 2.9681_ 1.00007 0,6837

1W6,94 ].5907l 1.00006 0.6837

157,00 5,_$000 1.00006 0.53?9

176.47 T._086_ t.00005 0.5306

195.1_ _.5944_ 1.00004 0.5286

213.21 12.02_q? 1,0000_ 0.5264

230.67 14.01_2z 1.0000] 0.5202

2_7,67 14.3026_ 1,0000] 0,5020

289.97 ]]._16_ 1.00002 0._075

33q,76 55,6464_ I.E0002 0._700

r

_
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i

0,10 MPa [S03AR

THERMOJYNaMIC PROPERTIES OF PARAM¥OROGEN

TEMPERATURE VOLUNE I_OIHEPM ISOCHORE INTERNAL ENTNALPY ENTROPY CV GP CELOCITY

DERIVITIVE OERIVATIVE ENERGY OF SOUND

DEG. _ CU HIKG CU M-M_A/_G HPAI( KJIKG-K KJ/KG KJIKG-K KJ I KG-K NIS

• 13._3, 0.0129R 1.1685 O.92WW -3C_.9 -307.6 W.968 W.68 6°38 tZ6Z

1W 0.01300 X.1WWZ 0.92W3 -307.B -306.5 S.OW7 W.IX 6.W0 1ZSW

15 0.0131_ 1.0_9 _.910_ -301.1 -Z99._ 5.509 _.9Z 6.98 1Z16

Ib 0.01330 O._/_B 0.8025 -2q3.9 -Z92.6 5.97k 5.1Z 7._3 1190

17 0,013_7 0.9112 0,8T?_ -Z86.3 -Z84.9 6.k_O 5.30 T,91 1166

18 0,11365 _.8511 0,8630 -2?_.1 -ZT6,7 6.907 5ok? 8.kl 1143

19 0.01385 0.7_53 0.B_76 -Z69.5 -268.1 7.375 5.6Z 8.95 1119

ZO 0,01w00 0.7221 0,830_ -ZEO.3 -25_.9 7.8_8 5.75 9.53 109k

• _0.Z2_ 0.01_12 0.7122 0.8261 -_58.1 -256.7 1.956 5.7? 9.6_ 1090

D 2Q.ZZW 0.75_5_ O.C_F5 G,005T 113._ 188,9 Zg,99k 6,_0 12,1_ 355

21 0.79178 0.0717 0.005_ 119.0 lq8.2 30.k45 6.k_ 11.86 36W

ZZ 0.838_3 0.0770 0,00St 1_6,0 _0_.9 30.991 6.37 11.60 375

Z3 0,88507 O.08_Z 0.00W8 13Z,9 ZZX.W 31.502 5,33 11.;1 38_

Z_ 0.93068 O.C_TZ 0.00_6 139.7 Z3Z.8 31.985 6.30 11.27 395

Z5 0.9T579 0.09Z1 0.00_3 IW6.W ZW_.O 3Z._wZ 6._9 11.16 WOW

Z6 I.OZO_8 0.09_q 0.00_1 153.0 Z55.1 32.8?8 6.77 11.07 _13

27 1.0bke_ 0.1C16 0.00_0 1_9.6 Z66.1 33.Zgk 6._6 10.99 _Z_

28 1°10890 0.10_3 0,0038 166.2 Z77,1 33.693 6,_6 10.93 _31

29 1.15Z71 0.1110 0.0036 17_.7 Z88.0 3k.075 6.25 10o87 _39

30 1.19630 0.1156 0.0035 179.Z Z98.8 3k._3 6.Z5 10.83 _8

31 1,Z3970 C._G1 O,O03W 185.7 309.6 3k.798 6.Z_ 10.79 k56

3Z I.ZSZgW O._d_6 0.0033 19Z,1 320._ 35.1_0 6.2_ 10.75 W63

33 1,3Z_03 0.1Z91 O,O03Z 198.5 331.1 35.W?0 6.Z3 10,_2 _I

3_ 1.36896 _.1336 0.0031 ZO_.g 3k1.5 35.789 6,23 10.69 _T9

35 1._1181 0.1380 0,0030 ZII.3 35Z.5 36.0_9 6,23 10.66 _66

36 1._5_5_ 0.1_25 0.00_9 217.7 363.2 36.399 6.23 10.6w _3

37 1._9717 0.1_6_ O.OOZ8 Z2W.1 373°8 36.690 6.ZZ 10062 501

38 1°539?Z 0.1_12 0.0027 ZSO,_ 38k,_ 36.9T3 6.2Z 10.60 508

39 1.50Z18 0.1556 O.OOZ6 Z36.8 395.0 3T._8 6._Z 10.59 Slk

_0 1.6Z_58 0,16C0 0,00Z6 Z_3.1 _05,6 37.516 6.ZZ 10.57 5Zl

k_ 1.70918 G.1686 0.00Z_ 255.8 _Z6. T 35.032 6.23 10.55 53_

k_ 1.?_355 O.I_?Z 0.00Z3 Z60._ _WT.8 38.522 6.Z3 lO.Sk 5_7

_6 1,8T77_ 0.1858 0.002Z Z81.1 _68.9 3_.991 6.25 10.53 560

k8 1.96176 0.19kk 0,00Z1 Z93._ ;89.9 39.k39 6.26 10.53 $72

50 Z.0_56_ O.ZLZ_ 0.0020 306.k 511.0 39.869 6.28 lO.Sk S83

52 Z.tZg_O 0._11_ 0.00_0 319.2 53Z.1 kO.Z83 6.31 10.56 $95

5_ 2.Z1305 0._199 0.0019 331.9 553.Z _0.602 6.35 10.56 606

56 2.29661 0._Z8_ 0.0018 3W_,8 57_._ _1.067 6.39 10.6Z 616

50 Z.30009 0._36_ 0.0017 357.7 SqS.? 61°6_0 6.k_ 10.66 626

60 Z,W63W9 0._5Z C.0017 370.7 617.1 _1,803 6.50 10.71 636

65 2.6T172 0._663 0.0016 _03.9 671.1 _Z.66_ 6.69 10.89 658

70 Z,ST963 0.287Z O.0Olk _30.1 TZ6. X _3,_02 6.9w 11.13 679

75 3.087Z9 0.3081 0.0013 _73.7 70Z.k _k. ZS9 7.Z5 11.k2 697

80 3.ZgW75 0,3_90 0.0013 510.9 _kO,_ _5.007 7.60 11,77 _1_

85 3.50206 0.3_98 0.0012 550.0 900.Z _S.T32 7.99 12.1_ T29

90 3.709Z3 0.3?06 0.0011 5_1.1 96Z,0 _6,k39 0._1 1Z.57 _6b

95 3.91630 0.391w 0.0011 63_.3 10Z5.9 k?.130 8.8w 13.00 759

1DO _.lZ3Z? O°_lZ_ 0o0010 679.6 109Z.0 kl.80T 9.Z? 13._3 773

1_0 _.950_6 0,k95_ 0.0008 _81,5 1376.6 _@,396 10.83 1_,97 8Z_

1;0 5.77_9_ 0._780 0.0007 XL09.Z 1686.9 $Z.785 11.8Z 15.96 883

160 6.60Z98 0._07 0._006 1350.5 _010._ 5_.9_7 1Z.Zl 16.35 9_0

180 7.kZ873 0.7_33 0.0006 1595.1 2338.0 56.875 12.19 16.32 998

ZGO 8.25WZ9 O.RZ60 0.0005 1836.7 266Z.1 56.552 11.95 16.00 105k

ZZO 9.07970 0.9086 0.0005 ZO?Z.6 2980.5 60.099 11.63 15.T6 1110

Z_O 9,9010Z 0.9911 @.OOOk Z302.1 3_9Z.6 61._57 11,33 15._6 1163

Z60 10.730Z6 1.0737 0.000w 2526.1 3599.1 62.60_ 11.07 1S.20 lZ16

ZSO 11,555k_ 1.156_ O,000k Z_5.5 3901,0 63,803 10.07 15.00 1Z63

300 1Z,_7968 1,Z307 0.0003 Z961.k _199._ _k.OSZ 10.?Z 1_.65 1310

350 1w.W_ZlB I._k_C 0.0003 3_91,_ W935.6 67.101 10.51 lk.63 1W19

_00 16.50_55 1.E512 C.COO3 _Ol_.k 566_.9 69.0_0 10.w3 lk.55 1518

_50 l_.56E_k 1._575 O.O00Z k53k,_ 6391._ T0.763 10._1 1k.53 1611

500 ZO.bZgOB _.£637 O.OOOZ 5055.0 7117.9 ?Z.292 10._0 Ik.SZ 1696

550 ZZ.69128 Z.t?O_ O.OOOZ 5575.0 T8_.1 13.677 10._1 lk.53 1TaG

600 2_._53_5 Z._?6Z 0.000Z 6096.0 85T1.3 7_.9_1 IO._Z 1k.55 1859

YOU ZS,STT75 Z.88_6 0,0001 71_0.9 100Z0.7 77.109 10._8 [6.61 ZOO6

800 33,00Z01 _°301! 0.0001 8193.k 11_93.6 79.1_3 10.57 _.70 ZlkZ

900 37.1_6Zk $.7135 G.O00_ 9Z56.7 1296_.3 80.800 10.70 1_.8Z ZZ68

1000 _1,Z50_5 _.IZ_R 0.0001 10333.9 lk_59.0 8Z._SZ 10,86 1_,98 Z386

1200 _9.;9865 _._50_ 0.0001 125k;.Z 17W9;.0 85.206 11.Z_ 15.37 2601

IW00 57.7_736 5.7756 0.Q001 1w837.2 Z0611.9 87,613 11.68 15.01 Z_95

16Ga 65.99_30 6.E00W 0.0001 IIZZO.5 Z3_ZO._ 89.732 12.15 t6.ze ZgTk

1_00 _.ZS729 7._53 0.0001 19715.2 271k0.g 91.6_ 12.78 16.92 3136

ZOO0 8Z.55973 5.25C1 O.QO01 2Z395.0 30651.0 93.563 13.97 10o19 3277

_5_ 10w,_1653 10.Z1_2 0,0000 ]1567.8 _20_9.5 100.q_1 _k,99 30.36 3538

3000 1_3.52968 1_,37_3 0.0000 52916.? 66_69. T 113,03k 61,69 ?3.TO J039

TWO-P_ASE B0_NDAPT 27_
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0.10 MPA ISOBAR

TEMPERATURE DENSITY #I3H/OV_,

DEG. K KGICU _ KJ/_C

• 13.834 77.0685 o21.7

1_ 76.9216 617.1

15 76.0988 6(7,3

16 25.1978 610.0

17 74.2500 609,5

18 73.2568 606.6

19 72.2131 598.8

20 71.1039 888.9

• 20.224 ?0.8360 588.4

ZO.Z2_ 1.325] 188.9

21 1.Z630 197._

22 1.1921 Z08.8

23 1.1299 2_0,I

2_ 1.0T45 231.3

25 1.02_8 2_2.5

26 0.9799 Z53,7

27 0.9391 ZEw.B

28 0.9018 275,9

29 0.06?5 ZP6.9

30 0.83S9 297.8

31 0.8066 308.7

3Z O.T79B 319._

33 0.75W1 330.4

3_ 0.7308 341,2

38 0.7083 3$t.q

36 0.68T5 3EZ.7

32 0.6679 373.4

38 0.6_95 384.L

39 0.6320 394.8

WO 0.6185 405.5

_2 0.5881 w2l.O

_ 0.5576 4_0.E

_6 0.5326 _70,3

WB 0.50_? _92.3

50 0,4888 51_.5

52 0._696 537.2

5_ 0.4519 560.2

56 0.k35_ 5_3.9

58 0._202 605.2

60 0._059 633.1

65 0,3TW3 6qq.2

70 0.3_23 771.1

75 0.3239 8_9.6

80 0.3035 93_.9

85 0.2855 1027.1

90 0.2696 1125._

95 0.2553 1229.3

100 0.2_25 1337.7

120 0.2020 179_.9

1_0 0.1731 2231,_

160 0.151_ 2E13.7

180 0.13k6 Z936.5

ZOO 0.1211 3215.0

220 0.1t01 3_62.T

ZkO 0.1010 3710.4

260 0.0932 3953.2

280 0,0865 k201,0

300 0.0808 _55.4

350 0.0692 9123.7

kOO 0.0606 5822.2

_50 0.0539 65_0.8

500 0.0_85 ?26_.8

550 0.0_1 7995.9

600 0.0_0_ 8732.3

700 0.03_6 10226.5

000 0.0303 11766.2

900 0.0269 13_.2

1000 0.02_2 14989.9

1200 0.0202 1B_.!

1_00 0.0123 22136.8

1600 0.0152 26050.3

1800 0.0135 30461._

2000 0.0121 36358.3

2500 0.0096 ?_9_4.9

3000 0.0075 204805._

TWO-PHASE BOONOA_X

TMER_OD_hAHIC PROPERTIES OP PARAHYDROGEN

_(_P/DU) V -V(DP/DV) T o(3VIDTI/# THERMAL VISCCSIT
CONDUCTIVITY

HPA-CU MIKJ MpA IIDEG, K WIK-H KGIM-S
10 _ _ 10 _ X 10

0.25639 _0.0543 0.0L326 73.J1 255.39

0.25492 88.0151 0.01050 74.68 2_9.37

0.24330 70._IZ_ 0.0114_ 83.1_ _19.5_

O._3_OW 73.306_ 0.01_I_ 89.JI 195.W4

0.22_90 67.6550 0.0129_ 92._5 175.96

0.215_5 62.2739 3.0138_ 95.55 159.92

0.20897 56.7088 3.01495 97.09 146.k6

0.20322 51.3_2 0.01o12 90._4 13_.88

0.23198 50._463 3.0163_ 95.q_ 132.43

0.06666 0.0844 0.06_22 16.69 11.25

0.06698 0.0906 0.96004 17.38 11.66

0.06722 0.0918 0.05556 18.06 12.19

&.06733 0.0929 0.05186 1_.T6 1Z.tl

0.0673_ 0.0937 O.Ok_?_ 19.W9 13._2

0.06739 0.094_ 0.0_00 20.23 13.73

0.0673_ 0.0950 0.0_362 20._7 1_.2_

0.06736 0.0055 0.0_151 21.71 1_.7_

0.06733 0.0950 0.03_61 22.W6 15.23

0.06730 0.0963 0.03791 23.20 15.72

0.067_7 0.0966 0.03636 23.90 16.21

0.06T25 0.0969 0.03_94 2_.6_ 16.69

_.06222 0.C071 0.03164 25.33 17.16

0.06720 0.0974 0.03244 26.02 17.63

0.06718 0.0076 0,03133 26.71 10.10

0.06715 0.0978 0.03030 27._0 18.96

0.06713 0.0979 0.02_34 28.10 19.01

0.06711 0.0981 0.028_ 28.7_ 1q._?

0.06708 0.0982 0.02760 29._9 19.91

0.06704 0.0983 0.02082 30.18 20.36

0.06701 0.0985 0.0260? 30.88 20.79

0.06692 0.0987 0.02471 32.26 21.66

0.06679 0.0988 0.023_g 33.6_ 22.51

0.06663 0.0990 0.02239 35.03 23.35

0.066_3 0.0991 0.021_0 36.W1 24.12

0.06617 0.0992 0.020_9 37.80 2_.98

0.06585 0.0993 0.01960 39.19 25.77

0.06545 0.099_ 0.01889 _0.58 26.56

0.06W99 0.0996 0.01018 _1.96 27.33

0.064_5 0.099S 0.0175] _3.35 28.09

0.0638_ 0.0995 0.01692 WW.SI 28.8_

0.06198 0.0997 0.01557 _8.67 30.67

0.05972 0.0997 0.01_3 52,52 32._5

0.08718 0.0948 0.01345 56.37 3_,17

0.09450 0.0999 0.01259 60.27 35.85

0.051_2 0.0999 0.01183 65.22 37._8

0.04923 0.0999 0.01117 70.17 39.08

0.04681 0.1000 0.01052 75.12 _0.63

0,0_461 0.1000 0.0100_ 89.54 _5.?_

0.03819 0.1000 0,00835 117.11 5_.08

0.03_97 0.1000 O.OOTl_ 136.13 59.19

0.03383 0.1001 0.00625 1_8.29 63.00

0.03390 0.1001 0.00956 165.65 66.17

0.0_57 0.1001 0.00500 160.Z0 69.01

0.03550 0.1001 0.00454 163.41 71.66

0.036_5 0.1001 0.00417 166.22 7_.19

0.03720 0.1001 0.00]05 169.1_ 76.6_

0.03797 0.1001 0.00392 172.36 79.0_

0.03850 0.1001 0.00333 175.91 81._1

0.03927 0.1001 0.00286 186.13 8?._3

_.03958 0.1000 0.00250 197.45 92.97

0.03966 0.1000 0.0022? 209.34 98.65

0.03967 0.1000 0.00200 221.28 104.26

0.0396_ 0.1000 0.00182 233.29 109.82

0.03958 0.1000 0.00167 2_5.30 115.31

0.03936 0.1000 0.001_3 269.I9 126.11

0.03902 0.1000 0.00125 293.7? 136.66

0.03856 0.1000 0.00111 318.59 146.95

0.03?99 0.1000 0.00100 _0.$6 157.01

0.03669 0.1000 3.0008] 511.15 176.;9

0.03530 0.1000 0.30071 583.71 195.19

0.03395 0.1000 0.0006_ 659.22 213.23

0.03229 0.1000 0.00056 ?_9._9 230.69

0.02954 0.0999 0.00050 892.15 2_7.69

U.016_1 0.0988 0.000_1 2131.13 2R9.81

0.00721 0.09?7 0.0003_ 675_.73 3_8.27

Y IHEPMAL DIELECTRIC PQANDIL

OIFFUSIVII¥ CONSTAI_I _UMBER

_Q M/HR

3.000S] 1.25176 2.2323

0,0005_ 1.2912_ 2.1639

0.00056 1.2483_ 1.0_28

0.00057 1.2_519 1.6308

0.00057 1.2_182 1._981

3.00056 1.238_0 1._069

0.0005_ 1.2_Tq 1.3501

0.00052 1.23089 1.30_1

0.0005? 1.229_6 1.2911

J.00378 1.00_00 0.8005

0.00k18 1.003_1 0.7956

0.30470 1.00360 0. T829

0.00_74 1.00341 0.7729

0.00579 1.00324 0.26_6

0.00637 1.00309 0.7576

0.00696 1.00296 0.7516

0.00757 1.00203 0.7_63

3.00820 1.00272 0.7_1_

0.00805 1.00267 0.7369

0.0_95) 1.00252 0.7326

0.01:020 1.002_3 0.730_

0.0108q 1.00230 0.7283

0.01159 1,0022_ 0,726W

0.01231 1.00220 0.72_2

0.01306 1.0021_ 0.7221

0.01383 I.OOZOT 0o7201

0.01k61 1.00201 0.2180

0.015_1 1.00196 0.2160

0.0162_ 1.00191 0.7141

0.01704 1,00186 0.2121

0,01881 1.00126 0.?086

0.02061 1.00165 0.?052

].022_8 1.00161 0.?020

0.02_2 1.0015_ 0.6991

3.026_1 1.001_? 0.6965

0.028_5 1.001_2 0.6944

0.0309_ 1,G0136 0.6926

0.03268 1.00131 0.691_

Q.03_89 1.00127 0.690?

0.03710 1.00122 0.6895

0.0_299 1.00113 0.6863

0.0489_ 1.00105 0.68?4

0.05_85 1.00098 0.6925

3o0602_ 1.00091 0.7001

0.06768 1.00086 0.6986

0.07_59 1.00081 0,69q9

0.081_9 1.00077 0.7030

0.0989_ 1.00073 0.6859

0.139kt 1.00061 Q,6913

0,177_2 £,00002 0,6939

0.21565 1.000_6 0.69_

0.2_509 1.000_1 0.693?

0.20613 1,00037 0.6925

0.33890 1.00033 0.6912

0.383k7 1.00030 0.6899

0._298_ 1.00028 0.688?

0._7806 1.00026 0.6878

0.52801 1.0002_ 0.6870

3*66124 1.00021 0.6858

_.80628 1.00018 0.6851

0.96298 1.00016 0.68_7

1.131]q 1,00015 0.684_

1.31129 1.00013 0.68_1

1.502_ 1.00012 0.68_0

1.9175_ 1.00010 0.6837

2.37_83 1.00009 0.6837

Z.8775_ 1.00008 0.683?

4.36658 1.00007 0.9340

9,92711 1.00006 0.5306

7.67556 1.00005 0.5287

9,62086 1.00005 0*5266

11.83869 1,0000_ 0.5209

I_.57561 1.00004 0.5051

26.38781 1.00003 0._%_8

44.00_77 1.00002 0.369_

r
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0.1013_5 MPA ISOBAR

[_ERHO_Y_AMIC PROPERTIES OF PARAHYDROGEN

TtMPERATURE VOLUNE ISOT_[PM ISOCHORE INTERNAL ENTHALP¥ ENTROmY CV CP VELOOIT¥

DERIVATIVE DERIVATIVE ENERGY OF SOUND

_EG. K C_ H/KG CU M-MFA/KG MPA/K KJIKG-K KJIKG KJIKG-K KJ / KG-K M/S

13.835 0.01298 1,1686 O,RZ_w -308,9 -$01,5 4.968 W,68 6,38 1263

IW 0,01J00 1.14_ 0*9?_3 -307,8 -106.5 5,OWl W,71 6,W_ 1254

15 0,0131k 1,_kll 0,91D5 "301.1 °_9_,_ 5.50R W,RZ 6,90 1216

16 0.01330 0.9750 0._926 -_R3.9 -2_Z.5 5.97_ 5.12 ?._3 1190

17 0.013_? 0.9113 _._775 -2_6.3 -28_.g 6._D 5.30 7.9O 1166

18 0.01365 0.0502 0.86]0 -278.1 -276.7 6.906 5,47 8._1 1143

1_ 0.01385 0.785_ O.8_lZ -269.5 -268.1 7.375 5,6Z 8,95 1119

_g 0.01_06 6.7_2 C.8305 o260,3 -258.8 7.8_8 5.75 9.52 1094

• 20,_65 0,Gi_13 0.?C_3 0.825_ -257,7 -256.Z 7,977 5.78 9,66 1089

• _0.265 0.7k739 0,0675 0.0058 113.6 18@.] 29,967 6,50 12.15 355

21 0,78035 0.0715 0,_055 118.R 197.9 38.3_] 6,k_ 11,89 363

ZZ 0.82689 0,C718 0.0052 125.9 _09._ 30,9_9 6.3_ 11.62 37_

23 0,8726_ 0._8_0 O,0Okg 132.0 221.2 31.k_? 6.33 11.43 38_

24 0.91769 0.C_70 0.00_6 139.6 232.5 31,925 6.31 11.29 395

25 0.96226 0.L919 0,00_ 1_6.3 _].8 32.383 6,29 11.17 _0_

2b 1.008W3 0,09_8 0.00W2 152.9 25W.9 32.819 6,2_ 11.08 _13

27 1.05025 0.1015 0.00_0 15_.5 263,9 33.236 6.26 11.00 _22

28 1.0_378 0.I0_ O.O03g 166.1 276,3 33.635 6,26 10,94 W_I

_9 1.13705 C.]I09 0,0037 172,6 _87,_ 3_.018 6°25 10.88 _9

30 1.1_all 0.115_ 0,0036 17_,1 _98.? 3W.386 6,_S 10.83 k_8

31 1.2_297 [,1200 C,OO0_ 185.6 309.5 3_.7W1 6._ 10.79 656

32 1,_6561 0,12_5 0.0033 192.0 320._ 35.083 6._W 10.76 W63

33 1.308_Z C.1ZgC 0,0032 198.h ]31._ 35o_13 6.23 tO.TZ _71

3_ 1.35063 0.1335 0.0031 20_.9 ]WL.7 35.733 6.23 10.69 _79

35 1.39293 3.]379 0.0030 Zll.3 I52._ 36.0_3 6._] 10.67 486

36 I._3512 0.1;24 0.0029 _17.6 365.0 36.3_3 6.23 10.65 _93

37 1.47721 _.I_b8 0,00_0 22_.0 ]73.7 36.63_ 6.23 10.62 501

38 1.51922 0.151Z 0.Q027 Z3D.k I8;.l 36.917 6.ZZ 10.61 508

39 1.56115 0,1555 O,OOZ? 236.7 39_.9 37.193 6.ZZ 10.59 514

40 1,60_00 0.1599 0.0026 243.1 _05.5 37.k61 6.22 10.58 5_1

_Z 1.68652 0.1686 O.D_Z5 255.7 _26.6 37.976 8,23 10.56 535

hh 1.76982 0,177_ 0,002_ 268._ W_7.7 _8._67 6._3 10.5k 5k?

_6 1.85292 0.1858 0.0022 281.0 _68.8 38.935 6,25 10.53 560

_0 1.93587 C.1943 0,0021 293.7 _89.9 39.304 6.26 10.53 572

50 2.01867 0,_029 0.0021 306.4 510.9 39.81_ 6.28 10°5k 583

52 Z.10135 0.211w 0.0020 319.1 532.0 W0.228 6.31 1_.56 595

5W 2,18393 0.2199 0.0019 331.9 553.Z _0.626 6.35 10.58 806

56 2.26841 0._263 C.0018 34k.7 ST_.k k1,012 6.39 10,6_ 616

58 Z.3_880 0,2368 0.0018 357.7 595,7 _1,385 6o4_ 10,66 6Z6

60 Z.W3113 0.E_52 0.0017 370,_ 617,0 k1.TW8 6.50 10,71 656

65 _.63666 0._662 0.0016 _03.9 671.0 4_.61_ 6.69 10.89 658

7_ 2.8_187 0.2872 0.0015 _38.1 726.0 _3.627 6.9_ 11.13 679

75 3.0_b8_ 0.30P1 0.001_ _73.7 782._ _W.205 7.25 11.kZ 697

80 3.25161 0.3290 0.0013 510.9 8_0._ _.953 7.60 11.77 71_

85 3.456_1 0.3_c8 _._012 5SO,O 900,2 k5,678 ?.R9 12,16 T30

_C 3.86069 0.37_6 C,0011 591,1 962,Q _6,38k 8._1 i_.S7 T_k

95 3.88506 0.3914 0*0511 63k.3 1025.9 47.075 8,8_ 13.00 759

100 _.06933 0.k122 0.0010 679,6 1091._ _7.753 9,Z7 13,_3 773

IZO _.8057_ 0._952 0,0008 881.5 1376.6 50,3_1 10.03 1_.97 827

1_0 5.701W3 0._780 0.0007 1109.2 1686o9 52,731 11.82 15.96 883

160 6.51_68 0.6607 0,0006 1350.5 Z010.5 54.893 12.21 16.35 9_0

180 7.33165 G.7434 O.OG06 1595.1 2]38.0 56,820 1Z.19 16.32 998

200 8.146WZ 0._260 0.0005 1836.7 Z662.1 58.527 11.95 16.08 105_

220 8.96105 O,90Pb 0.0005 Z072.5 2980.5 60,045 11.63 15.76 1110

ZkO 9.77558 9911 0.000_ _302.1 3292.6 61,_03 11.33 15,k6 1163

Z6O 10,.59003 0737 0.0004 Z5_6.1 359_.1 62.630 11.07 15,Z0 1Zlk

280 11._0_2 1563 0.000_ 27_5.5 3901.0 63,749 10.87 15.00 1263

300 IZ.21788 .._387 0.0003 2961._ _19_._ 6k.778 10.7Z 1k.85 1310

35_ 1_.253w_ 1.4h50 0._03 3_91._ _935.6 67.0_7 10o51 1_,_3 Iktq

400 16,28883 1.6513 0.000] 4014,4 566h.9 68.996 10.43 1k.55 1518

_50 10.32416 1.8575 0.0002 4534.7 6391._ 70.708 10.41 1_.53 1611

500 20.359_3 _.0630 0,0002 5055.0 7117._ 7_.Z]0 10._0 1_.52 1698

550 Z_.39_66 Z.2706 O.O00Z 5575.0 78_.1 73.623 10._1 1_.53 1780

600 24._2987 _._7_2 O.QOOZ 6096.0 8571.3 7k.887 10._2 1_.55 1859

_GO 28,5002_ Z.8877 0.0001 71k0,9 10020.7 77.13_ 10._8 I_.61 2006

800 32.57056 3._Cll 0.0001 8193._ 11_93.6 79.089 10.57 1_°70 21_2

900 36.6_086 3,71_ 0.00ol 9256,7 12969.] 80.826 10.70 14.82 2Z68

1000 _0,7111k k.1259 _,0001 10333.9 1_459.0 82.398 10._6 1_.98 2386

1200 _8.85168 4.958P 0.0001 1254_._ 17_9W.1 85.151 11.2_ 15.37 2601

1400 56.99Z33 _.77_6 C,0001 1_837._ _0611._ 87.558 11.68 15.81 2795

1600 65.13_W5 5.60b5 0.0001 17ZZ0.5 23820.2 8q.677 1_.15 16.28 _97k

1800 73,286Z8 7.&253 0.0001 19714.9 271_0._ 91.59_ 1_.77 16.92 3136

Z_O0 81._7980 8._501 0,0001 Z2393.8 $06_9.8 93,508 13.97 18.18 3277

ZSO0 103.0_Z79 13.312_ 0.0000 ]1569.9 _2010._ 100.879 2_.9Z IO.Z8 3539

3000 131.7_066 i_.37k3 C,0000 5_80_o& 66152.0 112.936 61._0 73.3W 3839

TWO-P_ASE BOUNOARY 27_
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0.101325 MPA ISOBAR

TEMPERATURE OENSITT VIDM/DV_

DEG. K KG/CU M KJ/KG

i 13.835 77.0693 621,?

lk 76.9Z27 617.2

15 76.1000 607.3

16 75.1991 610.1

12 7_.2_1_ 609.6

10 73.2503 606.7

19 72.2148 598.9

20 Tl.1Q57 589,0

20.268 70.7859 587,9

* 20.268 1.3380 109.1

21 1.2815 197.3

2Z 1.209k 208.6

23 1.1_60 Z19.8

24 1.0897 231.1

Z5 1.0392 242.3

26 0.9936 253.S

27 0.9S22 264.6

28 0,91_3 275,7

29 0.8?95 286.7

30 D.8474 29?.7

31 0.8177 308.6

32 0.7901 319.4

33 0.764_ 330.3

34 0.7_04 341.0

3S 0.7179 351.8

36 0.6968 362.5

3T 0.6P?O 373.3

38 0.6502 3@4.0

39 0.6_06 394.7

_0 0.6238 405,h

42 0.5929 426.9

44 0.5650 448.5

46 0.539? 470.2

48 0.5166 492.2

50 0.4954 514.5

52 0.4759 537.1

54 0._579 $60.2

56 0._412 583.8

58 0.4257 608.1

60 0,4113 633.1

6S 0.3?93 699.1

?0 0.3519 ?71.0

7S 0.3282 849.S

80 0.3075 934.9

85 0.Z893 1027.0

90 0.2732 1125.4

95 0.2587 1229.3

100 0.24S7 1337.7

120 0.2047 1792.9

1_0 0.17S4 2231.5

160 0.1535 2E13.8

180 0.1364 2936.5

200 0.1228 3215.0

ZZO 0.1116 3467.8

240 0.1023 3710.4

260 0.094_ 3953.3

200 0.0077 4201.0

300 0.0818 _455.4

350 0.0?02 5123.?

kO0 0.061_ 5822.2

650 0.0S46 6540.9

500 0.0491 ?264.9

550 0.0447 7995.9

600 0.0409 8732.3

700 0.0351 10276,5

800 0.0307 117E0.3

900 0.0273 13344.2

1000 O.OZk6 14985.9

1200 0.0205 104_4.1

1400 0.0175 22136.8

1600 0.0154 26049.7

1600 0.0136 30457.5

2000 0.0123 36342.1

2500 0.00_T 74756.5

3000 0.0076 203993.2

• TNO-P_ASE BOUNOAR¥

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

V(DPIDU) V -V(OP/OV) T -[OVIOT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCTIIITY DIFFUSIVITY CONSTANT NUMBER

MPA-CU MIKJ HPA 1/DEG. K WIK-M KGIM-S SO M/MR

X 103 X 103 X 107

0.25638 g0.0617 0.01026 73.01 255.40 3.00053 1.251Y6 2.2322

0.25493 _8.0322 0.01050 74.68 249.39 0.0005_ 1.2_125 2.1640

0.2q331 79.2241 0.01149 _3.16 219.$6 0.00056 1.2_83S 1.8429

0,2320S 73.317_ 0.01217 89.01 195.46 0.00057 1.24519 1.6309

0.Z2299 67.6660 0,01297 92.55 175.98 0.00057 1.2_187 1._981

0.21546 62.2852 0.01386 95.56 159.9_ 0.00056 1.23840 1.4069

0.20898 56.719? 0.01494 97.10 lk6.47 O.O005k 1.2347& 1.350!

0.20322 51.3532 0,01617 98.4_ 134,69 0.0005_ 1,23089 1,3051

0.20175 $0.2056 0.01644 98,92 131.98 0.0005_ 1.2297_ 1.2893

0.06667 0.0903 0.06424 16.9_ 11.28 0.00379 1.0040_ 0.8091

0.06697 0.0916 0.06027 17._0 11.67 0.00_11 1.00387 0.7970

0.06721 0.0929 0.0SS73 18.08 1_.19 _.00_6_ 1.00365 0.7840

0.06734 0.0940 0.05200 18.78 12.71 0.00516 1.00346 0.7738

0.06739 0.0948 0.04883 lg.50 13.23 0.00S71 1.00329 0.7654

0.06740 0.0955 0.04610 20.24 13.74 _.00628 1.00313 0.768Z

0.06739 0.0961 0.04370 20.98 14.24 0.00686 1.00300 0,?522

0.06736 0.096? 0.04157 71.77 1_.7_ 0.0074_ 1.00287 0.?468

0,0673_ 0,0971 0.03967 22.47 1S.2k _.0D809 1.00276 O.T_IB

0.06731 0.0975 0.03?96 23.21 15.73 0,00873 1.00265 0.7373

0.06?28 0.0978 0.03640 23.96 16.21 _.009_0 1.00Z56 0.7330

0.06725 0.0981 0.03498 24.6S 16,69 _.01006 1.00247 0.7308

0.06723 0.098_ 0.03367 25.34 17.16 0.0107_ 1.0023_ 0.7286

0.06720 0.0986 0.03247 26.02 17.63 0.0114_ 1.00230 0.7266

0.06718 0.0988 0.03136 26.72 18.10 0.01215 1.00223 0.7245

0.06716 0.0990 0.03032 27._1 18.56 _.01288 1.00216 0.7224

0.06714 0.0992 0.02936 28.10 lg.02 0.01364 1.00210 0.7203

0.06711 0.0994 0.02846 28.80 19.47 0.01441 1.00204 0.7182

0.06708 0.0995 0.02762 29.49 19.91 0.01521 1.0019_ 0.7162

0.06705 0.0996 0.02683 30.19 20.36 0.01602 1.00193 0.7142

0.06701 0.0997 0.02609 30.88 20.80 0.01685 1.00188 0.7123

0.06692 0.0999 0.024_Z 32.27 21.66 0.01856 1.00179 0.7087

0.06680 0.1001 0.02350 33.65 22.51 0.0203_ 1.00170 0.T053

0.06664 0.1003 0.022_0 35.03 23.35 0.02718 1.00163 0.7021

0.06643 0.1004 0.021_0 36.42 2_.17 0.02409 1.001S6 0.6992

0.06617 0.1005 0.020;9 37.81 2k.98 0.0Z606 1.00149 0.6966

0.0658S 0.1006 0.01966 39.19 25.78 0.02808 1.00143 0.69_k

0.06546 0.1007 0.01889 40.58 26.$6 0.03015 1.00138 0.6927

0.06499 0.1007 0.01819 41.g? 27,33 0.03225 1.00133 0.6914

0.06_46 0.1008 0.01753 _3,36 28.09 0.03439 1.001Z8 0.6907

0.06384 0.1009 0.01692 4_.81 28.84 0,03661 1.0012_ 0.6B96

0.06198 0.1010 0,01558 48.67 30.68 0.04242 1.00114 0.6064

0.05972 0.1011 0.01443 52.53 32.45 0.0_829 1.00106 0.6875

0.05718 0.1011 0.0134S 56.3? 34.17 0.0541_ 1.00099 0.6925

0.05451 0.1012 0.012_9 60.27 3S.85 0.0599_ 1.00093 0.7001

0.0S182 0.1012 0.01164 65.22 37.48 0.066?6 1.00087 0.6986

0.04923 0.1012 0.01117 70.17 39.08 0.07357 1.00082 0.7000

0.04681 0.1013 0.01057 25.12 40.64 3.08042 1.00078 0.7031

0.0k461 0.1013 0°01004 09.54 45.74 0.0976_ 1.00074 0.6859

0.03819 0.1013 0.00835 117.11 5_.08 0.137S8 1.00062 0.6913

0.03497 0.101_ 0.0071S 136.13 sg.19 0.17510 1.00053 0.6939

0.03384 0.101k 0.00625 148.29 63,00 3,21283 1.00046 0.69_4

0.03390 0.1014 0.00556 155.65 66.17 0.25176 1.00041 0.6937

0.03457 0.1014 0.00S00 160.20 69.01 0.29226 1.00037 0.6925

0.03550 0.1014 0.00_54 163.41 71.66 9.33_? 1.0003_ 0.6912

0,036_5 0.1014 0.00_17 166,22 Tk.lg d.37846 1o00031 0.6899

0,03728 0.1014 0.00385 169.14 76.64 0._2_23 1.0002_ 0.6887

0.03797 0.1014 0,0035? 172.36 79.0_ 0.47181 1.00026 0.6876

0.03850 0.1014 0.00333 175.91 81.41 0.52117 1.00025 0.6870

0.03927 0.1014 0*00286 186.13 87.23 0.65269 1.00021 0.6858

0.03958 0.1014 0.00250 lgT.45 92.g7 _.79S74 1.0001_ 0.6851

0.03966 0.1014 0.00222 209.3_ 98.65 _oSSOkO 1,00016 0.6847

0.0396? 0.101_ O.OOZO0 221.28 104.26 1.11661 1.0001S 0.684_

0.03964 0.1014 O.OQIB? 233.Z? I09.82 1.2g415 1.00013 0.6841

0.03958 0.1014 0.00167 2_5.30 11S.31 1.48280 1.00012 8.6640

0,03936 0.1014 0.00143 269.40 126.11 1.89_48 1.00011 0.6837

0.03902 0.1014 0.0012S 293,?7 136.66 Z.34379 1.00009 Q.6637

0.038S6 0.1013 0.00111 318.$9 146.9_ Z.83500 1.00008 0.683?

0.03?99 0.1013 0.00100 440.56 157.01 4.30949 1.0000T 0.5340

0.03669 0,1013 0.00083 511.15 176.49 5.8_961 1.00006 0.5306

0.03530 0.1013 0.00071 583.71 195.19 T.97520 1.00005 0.9287

0.03395 0.1013 0.00062 659.20 213.23 9._94_3 1.0000S 0.5266

0.03229 0.1013 0.00050 74g.33 230.69 11.68297 1.00004 0.5210

O.ozgs6 0,1013 0.00350 891.52 24_.69 14.38133 1.00004 0.5052

0.01676 0.1001 0.000_0 2123.61 289.80 25.01900 1.G0003 0.4132

0.0072S 0.0939 0.00036 6725.27 338.71 43.48332 1.00002 0.3694
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C Z

0.15 MPA [S05_R

THERMOgTNAMIC PROPERTIES OF PARAMYDROGEN

.,. '_l_;_l., ,

TEMPERATURE VOLUNE [_OTHLRM ISOCHORE INTERNAL ENTMALPY ENTROPY CV CP @ELOCITY

OERIVATI_E DEFIQATIVE ENERGY 0 c SOUN0

OEG, K CU N/KG CU M-MPA/KG HPA/K KJ/KG-K KJIKG KJ/KG-K KJ I K3-K HlS

13.861 0,01297 1.2717 0,9250 -368.9 -306.g w.g6g _.68 6.38 1264

1_ 0.01299 1,1520 0.92_9 -307.9 -305.9 5.0_0 _.7[ 6,4T 1257

15 0.C[313 1,Ch61 0.9122 °301.2 -299,] 5.501 k.gz 6,97 1Z18

16 0,01329 0.97_8 0._9_Z -29_.0 °zgz,I 5.966 5,11 7.k2 1192

17 0.0[346 o,gIFI C.8791 -286,_ -284,_ 6.W31 5,30 7.89 [t68

18 0.01364 0,8552 0.8646 -278.3 -276.2 &.897 5.W6 8.39 1146

19 0.01384 0.7903 0.8_93 -2E9.7 -26?.6 T.365 5.61 8.93 1121

20 0,01W05 0,7272 0.8321 -2E0.5 °258,_ 7.837 5.7_ 9.50 109T

21 0.0[_29 0._60_ 0.81_8 -250.7 -2_8.5 &.316 5.86 10.1_ 1070

• 21.672 0.01_? 0.E202 0.7984 -2_3.7 -2_1.5 8.644 5.92 [0.58 1053

2_.672 0.52255 0.0673 0.008_ 117.6 19_,0 28.8_2 _.59 12.84 362

_Z 0.53312 0.C_92 0.0002 120.1 Z00.0 29.028 6.55 L2.67 366

23 0.56539 C.0751 0.0077 127.5 212.5 29.582 6._6 [2.25 378

2k 0.59879 O, tBL? C.OOZZ 13k.7 22_.6 30.096 6.40 [1.95 388

25 0.&$055 0.0_61 0.0060 1k1.8 236._ 30.5?9 6.36 11.73 399

26 0.66180 0.091_ 0.0065 1_8.8 Z_8.0 31.036 6.3_ 11.55 408

27 0,69_63 0.0_65 0.0062 155.6 259.5 31.k69 6.31 I1.42 418

20 0.72313 0.1015 0.0059 162.4 270.9 31.882 6.30 11.30 427

29 0.75333 0.1065 0,0056 169.1 282.1 32,277 6._9 L[,Z! 436

30 0.70329 0.1113 0.005_ 175.8 293.3 32.656 6.28 11.13 44_

31 0.8¢304 0.11_1 0.0052 182.k ]O_.k 33.020 &._? 11.06 453

3Z 0.8_260 0.1269 0.0050 189.0 315.4 33.3?0 6.26 [1,00 461

33 0.STZO0 0.1256 0.00_8 195,6 32_._ 33.708 6,_6 10.9k k69

34 0.90126 0.1302 0.00_7 202.1 _37.3 3_.03_ 6._5 20.90 476

35 0.9_039 0.1348 0.0045 208.6 348*Z 3_.349 6.25 [0.86 684

36 0.95940 0.139_ 0.00_ 215.1 359.0 34.654 6°25 10.82 491

37 0.98832 0.1439 0.0043 221.6 369.& 34.950 6._ 10,79 kg9

38 1.0171_ 3.1_85 0.00_1 228*0 $80.6 35.237 6.2_ 10.76 006

39 1.0_088 0.1530 0.00_0 234.5 391.3 35.516 6,_ 10.73 513

40 1.0?455 0o157W 0.0039 240.9 WOZ.1 35._88 6,2W 10.71 520

_Z 1,13168 0.1663 0.0037 253.? 423.4 36.309 6.24 10.67 $33

44 1.18858 0.17_1 0.0035 266.5 _4.8 36.805 6.25 10.6k 5_6

46 1,24528 0.1839 0.0034 279,2 _66.0 37,278 6,25 10.63 559

_8 1.30182 0,19_6 0.0032 292.0 _87°3 37,730 6._7 lO.&_ 571

50 1.35822 3.2013 0.0031 30_.8 508.5 38.163 6._9 10.62 $83

5_ 1.41449 0.20_9 0.0029 317.6 929.8 38.580 6.32 10.63 594

5_ 1.wT065 0.2185 0.0028 330.4 551.0 38.981 6.35 10.65 605

56 1.52672 0.2271 0.0027 3_3,3 572.3 39.369 6.39 _0.6T 616

58 1.58270 0,2356 0.0026 356.3 593,7 39.744 6._5 10,71 626

60 1.63861 0.2_1 0.0025 369.4 615.Z _0.108 6.50 10.76 636

65 1.77810 0.2654 0,0023 _02.7 669.h 40.9T6 6,69 10.93 658

70 1.91727 0,2665 0.0022 437.0 724.6 k[.794 6.9_ 11.16 679

75 2.03619 0.3075 0.0020 kTZ.7 781.1 42.5r4 7.25 11.45 697

80 2.19491 0.3215 0.0019 510.0 839.2 k3.32_ 7.60 11.79 714

85 E.33348 0.3495 0.0018 549.1 899. Z _4.050 7.99 12.18 730

90 2.47191 0.37C4 0._017 590.3 961,1 44.758 8.41 12,59 745

95 2.&1023 0.3913 0.0016 633.Y 1029.1 45.4W9 8.8k 13.01 759

100 Z.74846 0.4121 0.0015 678*9 1092, Z 46*128 9.28 13.44 773

120 3.30069 0._953 0.0013 881.0 1376.1 k8.719 10.03 14,98 828

1_0 3.85219 0.5702 0.0011 1108.8 1686.6 51.110 11.82 19.96 88_

160 _.k0326 0.6611 0.0009 1350.1 Z010.6 53.273 12.21 16.35 941

180 4.95_05 0.7438 0.0008 1594.8 2337.9 55.201 12.19 16.32 998

200 5.50464 0,82_5 0.0000 1836.4 2662*1 96.908 11.95 16.08 10$5

220 6.09909 0,9091 0,0007 2072.3 2980.6 58._26 11.63 19,76 1110

240 6.60944 0.9918 0.0006 2301.9 3292.? 59.704 11.33 15.46 1163

260 ?.19_Tl 1.07_ 6.0006 2525.9 359_.2 61.011 11.07 19.20 I214

ZSO T.70593 1.1569 0.0005 2745.3 3901.2 62.130 10.87 19.00 1263

300 8.25951 1.2394 0,0005 2961.2 4199.6 63.160 10.12 14.85 1310

390 9,63066 1._k_7 0.0004 3491.3 4935.9 65._29 10.51 14.&3 1419

400 11.00567 1.6520 0.000_ _014.3 5665.Z 67.3T8 10.k3 14.55 1518

450 12.38060 1._583 0.0003 4534.6 6391.7 69.090 10.41 1k.53 1611

500 13.75547 2.0646 0.0003 5055.0 7110.3 70.620 10.40 1_.93 1698

550 15.13031 2.2?08 0.0003 557_.9 ?84W.9 72.00_ 10.41 14.93 1781

600 16.50912 Z*4?70 0.0003 6095.9 8571.7 73,266 10.42 l_.55 1859

700 29.25_70 Z.8895 0.0002 7140.9 10029.1 79.516 10.48 14.61 Z007

800 ZZ.00423 3.3019 0.0002 8193.4 1149_.0 77.471 10.57 14o70 2142

900 2_,75374 3,71_4 O.OGOZ 9256.7 12969.7 79,208 10.?0 14,82 2268

1000 27.50323 4.1268 0.0002 10333.9 14k59._ 80.700 10.86 14.98 2386

1200 33.00218 _.9517 0.0001 12944.1 17_9_.9 83.533 11.24 15.37 2602

1400 38.50118 5,7T65 0.0001 1_837.1 20612.3 85.9_0 11.68 15.81 2T96

1660 4_.00101 6_013 0.0001 17219.4 23019.9 88.059 12.1k 16.27 2974

1800 49.50621 7.4262 0.0001 19708.0 27133._ 89.972 1Z.?Z 16.86 3138

Z000 59.03455 8._510 0.0001 Z2362.5 30617.T 91.873 13.76 17.96 328?

2_00 69.4946_ 10.3131 0.0001 3108_.9 _150_.[ 99.039 2Z.91 Z8.0_ 3552

3000 87.83039 12.3752 0.0001 49790.0 6297_.6 110.142 53.35 63.69 3839

TWO*PHASE _OUNOARY _?u
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i

0,18 MPA ISOBAR

TENPER_TURE DENSITY V(OHIDV_

OEG. K KGICU M KJ/KG

* 13.851 77.097Z 623.3

I_ 76.56_8 6ZO.O

15 76.1;_0 609.0

16 79.Z_72 611.7

17 7_.3038 611.3

18 73.315_ 600.b

19 72.2750 6C0.8

ZO 71.1T14 991.1

21 69.98Z3 577.2

21,67_ 69.1Z86 568.;

• 21.672 1.9137 196.1

22 1.8TS7 199.9

23 1.7656 211.6

2h 1.6700 223.2

25 1.5859 23h.9

26 1.9110 2_6.5

27 1._38 258.0

28 1.3829 ZE9.;

29 1.3273 28C.8

30 1.2767 292.0

31 1,2300 303.2

32 1.1868 313,_

33 1,1_68 325.5

3_ 1.1096 336.9

35 1.07W8 3k7._

36 1.0_23 358.k

37 1.0118 329.3

38 0.9831 380,2

39 0.9561 391.0

kO 0.9306 _G1.9

kZ 0,8836 _3.7

_ 0.8k13 kkS,5

_6 0.8030 k67.;

_8 0,7682 k89.6

50 0.7363 512.0

52 0.7070 53_,8

5_ 0.6800 558,1

56 0.6550 581.8

58 0.6318 6_6.2

60 0,6103 631.3

65 0,56Z_ 697.5

70 0.5216 769,6

75 0._863 8_8.2

80 0.;$56 933,7

85 0,_Z85 1029,9

90 O._Ok5 112_._

95 0.3831 1228.3

100 0.3638 1336,0

IZO 0,3030 1792.3

lkO 0.2596 2231.3

160 0.2271 2613.9

180 0,2019 2936.9

200 0.1817 3215.6

220 0.1652 3k68,5

2_0 0.1913 371],3

260 0.1397 395_,2

280 0.1298 _202.0

300 0.1211 kk56.5

350 0.1036 512_,9

_00 0.0909 8823.5

450 0.0808 6542,Z

500 0.0727 7266.2

550 0.0661 7997.3

600 0.0606 8733.7

700 0.0519 10228,0

800 O.O_S_ 11761.7

gO0 0,0_0_ 13345.8

1000 0,036k 1_987._

1200 0.0303 18_k5.6

1600 0.0Z60 22136.6

1600 0,0227 26033,2

1800 0.0Z02 30352.1

2000 0.0182 359D_.1

2500 0.01_ 69392.8

3000 0.011_ 179_72.6

l TMO-PHSSE BOUNDARY

TMERHODYNAMIC PROPERTIES OF PARAHYDROGEN C 2

V(DP/DU) V -VIOP/O@) T -(OVlDT_IV THERMAL VISCOSITY THErmAL DIELECTRIC PGANOTL
P CONOUCTZ_ITY OIFFUSIVITY CONSTANT NUMOER

SO M/H_

0.0005W 1,25186 _.278q

0.0005; 1.25139 _.1663

0.00056 1.2_851 1.8_63

3,00057 1.2_536 1.63J2

0.00057 1.2_206 I._598

0.0005& 1._3_60 I,_078

_.000_ 1.23_97 1.3505

0.0005? 1.23112 1.30_8

0.00051 1.226q9 1.2675

0.00050 1,22WO] 1,2_90

0.00273 1.00578 0.8398

_,00_85 1.00566 0.8319

0,0032_ 1.00533 0.8119

3.00361 1.00503 0.7967

].00_01 1.00_79 0.78k7

_.00_ 1.00_56 0,7781

0,00381 1,00_36 0,7669

0.00526 1.00;I_ 0.7598

0.00570 1.00_01 0.7535

0.00615 1.00385 0.7_78

0,00661 1.00371 0.7_]q

3.00707 1,0035_ 0.7_05

0.00755 1.00_6 0.7373

_.00803 1.00335 0.73_

0.0085_ 1,0032_ 0,7312

0.00906 1.00313 0,728_

0,00959 1.00305 0,7297

0.01013 1,00_97 0.7231

0.01068 1,00_88 0.7206

0.0112_ 1.00Z01 0,7182

0.012_1 1,00_66 0.7139

0.01361 1.0025_ 0.7098

0.01387 1.002_Z 0.7061

0,01616 1.00_3_ 0.7027

0,0175_ 1,00222 0,6997

0.01887 1.00213 0.6973

0.02027 1.00285 0.6952

0.02170 1,00197 0.6937

0.02315 1.00190 0.6928

0,02_65 1.0018_ 0,691_

0.02859 1.00170 0.6879

_.03257 1.00157 0,6887

0,0365_ 1.001_7 0,6936

0.0_0_6 1.00137 0.7010

0,0;507 1.00129 0.6993

0,0_969 1.00122 0.7005

3,05_32 1.00115 0.7035

0.06592 1.00110 0.6865

0.09288 1.00091 0,69t7

0.11825 1.00078 0,69_2

0.19376 1.00068 0.69_7

0.17007 1.00061 0.5939

0.197_5 1,00055 0,6927

0.22598 1.00050 0.6913

0.25572 1.000_6 0.6900

0.28665 1.000_2 0.6888

0.31881 1.00039 0.6879

0.35216 1.00036 0.6871

O._;IOZ 1,00031 0.6859

3.53771 1.00027 0.6851

0.6_221 1.000_; 0.68_7

0.75;53 1.00022 0.68_

0.87_50 1.00020 0.68_1

1.00197 1.00018 0.68_D

1.27879 1.00016 0.6637

1,5837W 1.00013 0.6837

1.91565 1.00012 0.6837

_e91135 1.00011 0.53_1

3.9517; 1.00009 0.9307

5011720 1.00008 0.5283

6p_1171 1.00007 0.5269

7.87596 1.00006 0.5221

9,6_689 1.00005 0.5088

17.12389 1.0000k 0.k228

28.82253 1.00003 0.3698

HPA-CU MIKJ MPA 1/OEG. K W/K-M KG/H-S

X 103 % 10 _ x 107

0,25632 90,3332 0.0102_ 73.22 255.70

0.25501 88.6598 0,010_3 7_.72 250.26

0,2_371 79.6566 0.011_5 83.21 220.31

0.232_ 73.7262 0.01213 89.09 196.11

0.2233_ 68.0668 0.01_92 92.95 176.57

0.21579 62.699_ 0.01379 95.67 160._9

0.20930 57.1192 0,01_87 97,23 136.98

0.20352 51,7551 0.0160_ 98.59 135.36

0.19830 _6.2_70 0.0175] 100.1_ 1_5.13

0.19_99 _2,8767 0,0156_ 100.73 118.87

0.06680 0.1287 0,065_7 18.61 12.17

0.06699 0.1299 0.06337 18.79 12.3_

0.06737 0.1326 0.05?90 19.39 12,85

0.06757 0.13_8 0.0535t 20.0_ 13.36

0.06765 0.1366 0.0_993 20.72 13.86

0.06768 0.1381 O.Ok68B 21._1 1W.36

0.06767 0.139_ O.Oq_Z6 22,12 1_.86

0.0676; 0.1_03 0,0_196 22.83 15.35

0.06760 0,1_13 0.03992 23,58 15.83

0.06757 0.1_21 0.03810 2_,28 16.31

0.06753 0.1_20 0.036_7 2_.96 16.79

0.06739 0.1_3_ 0.03_98 25.6_ 17,26

0.067_6 0.1_0 0.0336] 26.32 17.73

0.067_ 0.1_5 0.03239 27.00 18.19

0,067_1 0.1_9 O.031Zk 27.68 18.65

0.06738 0.1_53 _.03019 28.37 19.10

0,06735 0.1_56 0.02921 29,06 19.55

0.06732 0.1_60 0,02829 29.75 20.00

0.06728 0.1_62 0.0273_ 30._3 ZO._;

0,0672_ 0.1_65 0.0266_ 31.12 20.88

0.06713 0.1370 0.02519 3Z._q 21o7_

0.06700 0.1373 0.02389 33.87 22.58

0.06683 0.1_77 0,02273 35.2_ 23._2

0.06662 0.1379 0.02169 36.62 2_.2_

0.06635 0.1_82 0.0207_ 38.00 25.0;

0.06602 0.1_8_ 0.01987 39.30 25,8_

0,06562 0.1k86 0.01908 ;0.76 ?6,62

0.06515 0.1_87 0.01835 _2,1_ 27.39

0.06_60 0.1_89 0.01167 k3.53 28.15

0.06398 0.1_90 0.01705 _k.98 28.90

0,06_11 0,1_92 0.01567 _8.82 30.73

0.0598_ 0.1k�k 0.01_50 52.67 32.50

0.05729 0.1k96 0.01350 56.50 3_,22

0.05_60 0.139T 0.01263 60.39 35.89

0.05190 0,1k98 0.01187 65,3_ 37.52

0.0_931 0,1_98 0.01120 70.28 39.12

0,0_688 0.1k99 0.01059 75,23 _0.67

O,Okk68 0.t_99 0.01006 89.56 _5,7_

0.03823 0.1501 0.00836 117.10 5_,07

0,03500 0.1501 0.00715 136.12 59.19

0.03386 0.1501 0.00626 1;8.28 63.00

0,03392 0.1501 0.00556 155.65 66,17

0,03_60 0.1501 0.00500 160.21 69.02

0.03552 0.1501 0.00_5_ 163._2 71.67

0.@36_6 0.1501 0.00_17 166.2_ 7k.20

0.03?30 0.1501 0.0038k 169.16 76.65

0.03799 0.1501 0.00357 172.38 79.05

0.03852 0.1501 0.00333 175.9k 81._2

0.03929 0.1501 0.00286 186.16 57.Z_

0.03960 0.1501 0.00_50 197._8 92.9_

0.03967 0.15D1 0.00222 209.37 98.66

0.03068 0.1501 0,00200 221,32 10_.28

0.03965 0.15D1 0.00102 233.33 109.8k

0.05958 0.1501 0.00167 2_5.35 115.33

0.03937 0.1501 0.00133 269.;5 126,1_

0.03003 0,1501 0,00129 293.83 136.68

0.03856 0.1501 0.00111 318.66 lk6.98

0.03799 0.1500 0.00100 _0.56 157.05

0.03669 0.1500 0.00083 511.1_ 176o53

0.03531 0.1500 0.00071 583.63 195.2_

0.03398 0.1500 0.00062 658._7 213.28

0.032_4 0.1500 Q.00056 7k5.15 230.7_

0.03000 Q.1_99 0.00050 87q.55 2_7.7_

0.01819 0.1k85 O.O00kO 1920.33 289,57

0.00823 0.1_09 0.00035 5805,59 337.08

277

T

L

| II II M il M II II i M IL I£ IL II II I+ II I X ,



(; J TME_MOIY_AMIC PROPERTIES OF PARAHYDROG_N

T_MPL_ATUKz VDLUM_ I_CTF_|P'I ISOC_URE INTERNAL ENTHALOY ENTROPY CV CP VELOCITY

D_PI_T[VL OtRIvATIVF ENERGY OF $OUNO

DEG. K CU H/KO C_ M-MF_/KG MPA/K KJIKG-K KJ/KG KJ/KG-K KJ / KG-K MIS

• 13.8b_ 0.012_? I._7_ 0.9255 -30_*g -306,3 Q.g71 q,6_ 6.38 1265

1_ 0.01Z99 %.15_1 0._55 -305.0 -305._ 5.0]_ W.71 b.W6 tZ_O

15 0.01312 I.U513 0,9140 -301.3 -?gS.T 5.4_& W.91 6.97 1221

15 O.UI32B 0.9_7 0._q59 -29w.2 -291.5 5.959 5.11 /.ql 1195

17 0.0[3w5 0.9209 C._PO? -286.5 -283.9 6.WZ3 5.79 7.88 11T1

18 0.013o3 3.8603 &.8662 o278.W -?75.? 6.888 5.W6 8.38 tlk9

19 0.01362 0.7_3 C.a509 -269.8 o267.1 7.355 5.61 8.92 11_

20 0.01W0_ 0,73_3 0.8_37 -2_0,7 -757,9 7.826 5.?W 9.W8 1100

21 O.OLW3? _,Lb_1 O.8IWo -211.0 -2W_.1 8.30_ 5.85 10.17 1073

22 C.CL_5_ _.T995 0.?02_ -2_.$ -237.6 8.7_0 6.q5 10.87 10k_

• 2_._05 C.01_?_ 3.F34( O,?rZ_ -231._ -2Z_.6 9.102 6.01 11.52 1017

22._05 G._JOL_ 3.CE_I 0.C11_ 119.q t_.g 27.996 6.66 13.55 367

23 0.h053_ O,OEYh C._I!O 171.5 203.5 28.110 5.63 13.W1 369

_ 0._315_ 0.073= 0.0102 179.3 2t5.6 28.668 6.52 17.8_ 381

25 0._5696 0.C790 0.00qb 136.9 228.3 Z9.1_3 6._5 12._ 39?

2_ 0.w8170 0.L8_6 0.0090 I_.Z ?W0.6 Z9.665 6.W0 1_.15 _03

27 0.5_59_ C.;9%? 0.0086 1_1._ 252.6 30.119 6.37 11.92 k13

28 0.52_76 O.O_E( 0._081 158.5 Z6_._ 30.5_9 6.35 11.7_ _Z3

29 0.55326 0.1018 0,00_8 165._ _76.1 30.950 6.33 11.59 k32

30 0._76_7 3.1070 0.007_ 17_.3 _87.6 31.3_9 6.3_ 11._6 _1

31 0.5_9_ 0.iI_I 0.0071 179.1 _99.0 31.723 6.30 11.36 _9

_2 0.622_2 0.1170 0.0069 185.9 310.3 32.083 6.79 11.27 _58

33 0.6_1 0.12]_ 0.0066 192.6 321.6 3_._78 6.29 11.19 _66

3_ 0.66725 _.lS_R O.OGBW 199.3 332.7 3_._61 6.Z8 11.1Z WTW

_) 0,6_955 0,1316 0.0_6_ 205.9 3W3._ 33.083 6.Z? 11.06 kS?

36 0.71173 0.1363 0.0060 212.5 35_._ 33.393 6.26 11.01 _89

3_ 0.73350 O.I&IC 0.0058 219.1 365.8 33.69_ 6.26 10.96 _97

_8 0.75578 0.1_57 C.0056 225.6 376.7 33.986 6.Z6 10.9Z 50_

39 0,?_766 0.I_03 0.005_ 232.1 367,6 3k._69 6.Z5 10.88 511

;0 0.799w8 3.15_9 0.0053 238.6 395.5 3k.5_; 6.Z5 t0.85 518

_ 0.8_Z59 0.16_0 0.0050 251.6 _ZO.2 35.072 6._5 10.79 53Z

_w 0.8860? 0.173_ O.O0_T 26_.5 _t.T 35.573 6.26 10.75 5_5

_6 0,92_0k 0._19 0.00_5 Z?Z.W _63.2 36,051 6.26 tO.?? 558

_8 0.971_5 0.19G8 0,0043 290.g 48_.6 36.506 6.28 10.70 5_0

53 1.01_50 3.1906 0.00_1 303.1 506.0 36.9_3 6.30 10.?0 5_Z

52 1.05_0_ 0.20_ 0.00_0 316.0 5Z?._ 37.363 6.37 10.70 59_

5W 1.0_9_6 0.2171 0.0038 37_.9 5W8._ 37,767 6.36 10.?1 6_5

56 1.1_l/B 0.2258 0.0037 3_1.9 5?0.2 38.157 6._0 10.73 615

55 1.1_02 3._3_ 0-0035 35_.9 591,Y 30.53_ 6._5 10.77 6Z6

60 1.2261_ 0.Z_C 0.003_ 368.1 6]3.3 38.900 6.51 10.81 635

65 1.33130 0.26_5 0.0031 _01.5 667.8 39.771 6.70 10.97 658

70 1.k3610 0.2858 C._0Z9 _35.9 723. Z _0.592 6.95 11.20 679

?5 1.5_066 0.30E9 0.0077 _71.7 ?79,_ kl.3Tk 7.25 11.k8 697

80 1.6_501 0,3Z81 0.0075 509,1 _38.1 kZ.IZ6 7.60 11.8_ Tlk

85 1.7_9Z0 0.3_91 0.00Z_ 5_8.3 898.1 _.853 7,99 IZ.20 T30

90 1.853_6 0.37CI O.OOZZ 589.5 960.1 W3.56Z 8._I 13.61 7_5

95 1.95721 d.3911 O.00ZI 63Z.8 10Z_.2 WW.ZSS 8.8W 13.03 _59

100 2.06107 0.WI?O 0.0020 678._ 1090,4 4_.93_ 9.78 13.k6 723

120 2._75_0 3._95_ 0.0017 80_._ 13_5.6 k?.SZ8 10.83 1_.99 838

I_ ?,d_gBZ 0.5785 0.001_ 1108.3 1686.3 k9.920 11.82 15.97 88_

160 3.303_1 0.6615 0.0013 13_9.7 ZOlO.k 5Z.08_ 12.21 16.36 9_1

180 3.71671 0.7_k3 0.0011 159W.W 2337.8 5W.01Z 12.19 16.33 999

200 _.Izgsz 0.827_ 0.0010 1836.1 2662.1 _5.720 11o95 1_.08 105_

2?0 4.5_79 _.9097 0.0009 207_.0 2980.6 57.238 11.63 15.77 1110

Z_0 _.95_65 0.997_ 0.0008 2301.7 3Z92.8 58.596 11.33 15._6 116_

Z_O 5*3_8 r'_ 1.0750 0.0008 2525.7 3599._ 59.8Zk 11.0T 15.20 1215

?SO 5.73117 1.1576 O,O00T _?_5.1 3901.W 60.9_3 10.87 1_,00 126k

300 6.193_3 1.Z_01 0.0007 2961.1 k199.8 61.973 10.73 1w.85 1311

350 7.Z_89 I._5 O.OO06 3_91.1 _936.1 6k. Zk2 10.51 1_.6_ 1_19

_00 8.25522 1.E£78 0.0005 _01_.2 5665.5 66.191 10._3 1_.55 1_19

_Sd 9.287_7 1.8591 0.000W _53_.5 6J9_.0 67.90k 10.kl 1_.53 1611

500 10.31867 ?.0_5_ C.O00_ 505_.9 ?118.6 69._33 10._0 1_.53 1698

5_0 11.34982 2.7716 0.000_ 557_.9 7_.9 70.818 10.kl 1_.53 IT81

600 12.33096 _._779 0.0003 6095.9 8572.1 72.082 lO._Z 1k.55 1#60

TO0 IW.WW31T 2.890W 0.0003 71k0.8 100Z9._ 7k.330 10.k8 1W.61 ZB07

800 16.5053_ 3.3028 0.0003 8i93.3 11_9_._ ?_.785 10.57 1_.?0 21k3

900 18.567_9 3.71_2 C._OOZ 9256.7 1zg?d.Z 78.0Z1 10.70 lk.SZ Z269

1000 ZO.6Z9b_ _.lSn 0.000? 10333,9 1_59o8 79.593 10.86 1_,98 Z386

tZO0 Z_.75385 _.95Z5 0.0002 125_.1 17_9_.9 87.3W7 11.?_ 15.37 260Z

IWO0 28.87810 _.777k 0.0001 1w837.0 2061Z.6 8_.75W 11.68 15.81 ZTg6

1600 33.C0788 6_E022 0.0001 17Z18.7 _3819.3 86.6?2 12.13 16.Z6 zqT_

1800 37.13116 ?.W271 0.0001 19703.7 Z?I30.O 88.783 12.68 16.82 3139

?050 _1.27_7 8_2519 0.0001 273_3.1 30598.0 90.676 13.63 12.62 3289

25_0 5Z.OZLg? L0.31_C 0.0001 30786.7 W1191.1 92.?16 21.67 26.66 $561

3000 65.3_074 1_.3761 0.0001 W793_.6 6100Z._ 108.228 _8.29 57.68 38_0

TW3-P4ASE _OUNOAPY ZTH
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d

0.20 NPA ISOBAR

TEMPERATURE DENSITY V(DM/DV_

OEG. K KGICU M KJtKG

13.868 77.1Z59 674.9

14 72,00?0 622.9

15 76.1907 610.6

16 75.2967 613._

17 74,3574 613.0

10 13.3136 610.5

19 72,3384 607.9

20 71.2386 593.3

71 70,0571 579,6

22 68.7873 562.1

27,803 67.6?62 5k4,6

* 22.805 2._991 200.5

23 Z._672 ZOZ.9

24 2.3171 215.C

25 2.1806 227.1

26 Z.0760 739.1

Z? 1.9765 251.1

28 1.8876 262.9

29 1.8075 27_.6

30 1,7347 Z86.3

31 1.6682 297.0

3Z 1.6072 309,2

33 1.5508 320.5

36 1.4982 331.8

35 1.4502 3_2.9

36 1.4050 3_4,1

3? 1.36Z8 3E5.Z

38 1.3231 376,Z

39 1*7859 387.3

40 1.2508 398.3

4Z 1.1866 470*3

64 1.1286 44Z.4

k6 1.0764 666.6

48 1,0Z90 h86.9

50 0,9857 509.6

5Z 0.g460 532,5

5W 0.9095 055.9

56 0.8758 579.8

58 0.8446 60k.3

60 0,8155 629.5

65 0.7511 695.9

70 0.6963 768.2

75 0*6691 846.9

80 0.60?9 932.5

85 0,5217 102k.?

90 0.5396 1123.3

95 0.5109 1ZZ?.3

100 0.4852 1335.9

120 0,4039 1291.8

140 0.3460 2231.1

160 0.30?7 2614,0

180 0.2691 Z937.3

ZOO 0.2421 3216.2

220 0*2Z01 3_69.3

240 0.2818 3712.1

Z60 0.1863 3955.2

280 0,1230 4203.1

300 0.1615 4_57.7

350 0,138_ E126,2

400 0*1711 582_.8

450 O.lOP? 6543,5

SO0 0.0969 7267.6

550 0.0881 7998.7

600 0.0808 8735.2

700 0.0692 10229,5

600 0.0606 21763.3

900 0.0539 133_7.3

1000 0.0485 1_989.1

1200 0,040_ 10662.2

1;00 0.0346 Z2132.1

1600 0.0303 26023.6

1800 0,0269 3028?.6

2080 0.0242 3563_.1

2500 0.0192 66065.?

3000 0.0153 163878.2

* TWO-PHASE BOUNDARY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN C.-L

V(DPlDU_, -V(DP/OV_ -(DV/Dr_V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTIfITY DIFFUSIVITY CONSTANT NUMBER

HPA-CU MIKJ MPA I/DEG, K WIK-M KG/H-S SO M/MR

X 102 X IO 3 X IO T

0.25626 90.6124 0.01_2L 73,W3 256.01 0.00054 1,25196 2.2255

0.25509 89.3027 0.01036 7_.76 251.16 0.00054 1.25155 2.1687

0.24q12 80.0995 0.01141 83.27 221.08 0.00056 1.2_867 1.8_99

0.23280 24.1448 0.01204 89.17 196.79 0.00050 1.2_553 1.6356

0.223?0 68.4766 0.01286 93.05 177.19 3.00057 1.2h224 1.501_

0,22613 63.1221 0.01372 95.79 161.05 0.00056 1.23880 1.4082

0.20963 57.5276 0.01_7_ 97.36 147._9 0.00054 1.23519 1.3510

0.20303 52.1662 0.01598 98.74 135.84 0.0005] 1.23136 1.30_6

0.19860 46.6655 0.01746 100.31 125,59 0.00051 1.22725 1.2EE6

0.19370 41.2384 0.01_23 101.[1 116.47 0.000_9 1.2228_ 1.2_69

0.18973 36.5158 0.02115 101.Z0 109.69 1.000_7 1.21900 1.2_86

0.06703 0.1652 0.06756 20.09 12.91 ].OO?lq 1,00755 0.0709

0.06715 0.1663 0.06610 20.18 13.01 0.00220 1.007_S 0.86_6

0.06761 0.1710 0.05973 20.70 13.51 0.0025n 1.00700 0.8380

0.06704 0.1747 0.05_78 21.29 14.00 0.00282 1.00661 0,8183

0.06793 0.1778 0.050?9 21.92 14.50 _.00313 1.00627 0.0032

0.06795 0.1802 0.0_7_7 22.58 1_.98 0.0034_ 1.00597 0.7910

0.06793 0.1823 0.0_64 23.25 15._7 0.0037_ 1,00570 0.7808

0.06790 0.1841 0.0_219 23.9_ 15.9_ 0.00_11 2.005_6 0.7722

0,06785 0.1856 0.0_005 24.63 16.43 0.00_46 1.0052_ 0.76k6

0.06781 0.1869 0.03815 25.30 16.90 0.00_81 1.0050_ 0.7588

0.067?6 0,1881 0.036_5 25.96 17.37 0.00516 1.00_85 0.7537

0.06772 0.1891 0.03491 26.63 17,83 0.00552 1.00_68 0.7_92

0.06769 0.1900 0.03352 2?.30 18.29 0.00_90 1.00452 0,7_49

0.06767 0.1908 0.03225 27.98 18,74 0.0062_ 1.0043R 0.7409

0.06763 0.1915 0.03108 28.65 19.19 0.00662 1.00424 0.7372

0.06760 0.1972 0.03001 29.33 19.66 0.00707 1.00411 0.7338

0.06756 0.1927 0.0290_ 30.01 70.08 0.007_8 1.00399 0.7305

0.06752 0.1933 0.0280_ 30.69 20.5_ _*00790 1.00388 0.7775

0.067_7 0.1937 0.02723 31,30 20.96 0.0083_ 1.00377 0.72_6

0.06735 0.1946 0.0Z568 32.24 21,82 0.00920 1,00358 0,2193

0.06721 0.1953 0.02_30 3_.10 22.66 0.01017 1.003_0 0.71_6

0.06?03 0.1958 0.02308 35._6 23._9 0.01106 1.00375 0.7103

0.06601 0,1963 0.02198 36.83 2_,31 0.0120_ 1.00310 0.706_

0.06653 0.1960 0.02099 38.20 Z5.11 0.01304 1.00297 0.7030

0,06619 0.1971 0.02009 39.57 ?5.90 0.01_0_ 1.00285 0.7002

0.06579 0*1975 0.01927 _0.95 26.68 0.01513 1*0027_ 0.6979

0*@6531 0.1972 0.01851 k2.33 22._5 0.01621 1o00264 0,6961

0.06h76 0.19R0 0.01782 43.70 28.21 0.01730 1.00255 0,6950

0.06k13 0.1982 0.01718 45.15 28.95 0.01863 1.002_6 0,6934

0.06224 0.1966 0,01577 48.90 30,78 0.02140 1.00226 0.689_

0.05996 0,1990 0.01_58 57.02 32.55 0.02439 1,00_10 D.6099

0.057_0 0.1992 0.01356 56,63 3_.26 0.02736 1.00196 0.69_7

0.05470 0.199_ 0.0126_ 60.52 35.93 0.03032 1,00183 0.7019

0.05199 0.1996 0.01190 65.46 37.56 0.03379 1.00172 0.7001

0.0_939 0.1992 0.011Z2 70._0 39.15 0.03276 1,00163 0,7011

0.04695 0.1990 0.01062 75.3_ 40.71 0.0_024 1.0015_ 0,?0_0

0.0447_ 0,1999 0.01007 89.58 _5.7_ 0.0_939 1.00146 0.6871

0.03877 0.2001 0.00832 117.10 $h.06 0.0696? 1.00122 0.6922

0.03503 0.2002 0.00716 136.12 59.19 _.08866 1.00104 0.69_5

0.03389 0.2002 0.006Z6 1_8.28 63.00 3*10781 1.00091 0.6969

0.0339_ 0.2003 0.00556 155.65 66,18 0.12756 1,00081 0.69_1

0.03462 0.2003 0.00500 160.21 69.02 0.14811 1.00023 0,6920

0.03554 0.2003 0.00_54 163._3 71.67 0.16993 1.00066 0.6914

0.036_8 0.?003 0.00_17 166.76 ?_.20 0.19184 1.00061 0.6901

0.03732 0.2002 0.00384 169.18 ?6.65 0.21505 1.00056 0.5889

0.03800 0*2002 0.00357 172.41 79.06 0.23916 1.00007 0*60?9

0*03853 0.2002 0*0033] 125.96 81._? 0.26421 1.00049 0,6871

0*03930 0*2002 0,00286 106,L9 8?.25 0*33088 1,00042 0.6859

0.03961 0*?002 0,00250 107.51 93*00 0._0342 1.00036 0*6852

0,03968 0*2002 0.0022_ 209,_1 98*6? 0._8183 1,00032 0.68_?

0,03969 0.2002 0.00200 221.36 10_.29 0.56609 1.00029 0,604_

0.03966 0.2001 0.00102 233.38 109,86 0*65610 1,00022 0.68_1

0,03959 0.2001 0.00162 245._0 115,35 0.25173 1,0002_ O*6&_O

0.0393? 0.2001 0,00141 269.50 126.16 5.959_2 1.00021 0,6837

0.03903 0.2001 0.00125 293.89 136,21 1,18820 2,00018 0,683?

0.03857 0.2001 0.00111 318.73 142,01 1._3221 1.00016 0.683?

0.03800 0.2001 0,00100 _0,56 157.00 ?.10374 1.00015 0.53_2

0.03670 0,2001 0.00087 511.1_ 126.52 2.96_06 1.00017 0,5309

0,03531 0,2001 0.00071 583.59 195.28 ],83808 1.00010 0,5290

0.03400 0,2001 0,00062 658,03 213.33 4,80?93 1.00009 0.5272

0.03253 0,?000 0.00056 ?4?,56 230.80 5,899?0 1.00008 0,5229

0.030?8 0.1999 0.00050 86_.05 2_7,29 ?.20329 1.00002 0,5111

0.01921 0.1903 0.000_0 1794. L8 289._6 12.60477 1.00006 0.4301

0,00907 0.1896 0,00035 5220.51 336,01 21.28967 1.00005 G,3713
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C _>

0.25 MPA ISOBAR

IEMPERATURE VOLUME

OEG. K CU M/KO

* 13.885 0.01296

1w 0.01298

15 0.01312

16 0.01327

1! 0.0134_

10 0,01362

19 0.01381

2Q 0.01_02

21 O.01_Zb

22 0.01W52

23 O.GLWBZ

23.751 0.01507

" 23.751 0.32_22

2_ 0.32992

Z5 0.35185

Z6 0.37292

27 0.39336

28 0._1331

29 0._3286

30 0._5210

31 0.w7106

32 0.k3980

33 0.5083_

3_ 0.52671

35 0.5_49_

36 0.56303

37 0.58101

38 0.59889

39 0.61668

_0 0,63439

42 0.66959

4W 0.70454

_6 0.73928

_8 0.77385

50 0.80827

52 0.8_256

5W 0.8767_

56 0,91|8Z

58 0.9_81

60 0.97673

65 1.06323

75 1.23134

80 1,31507

85 1.3986_

90 1._8207

95 1.561_0

100 1.6_86_

120 1.98088

1_0 2.312_1

160 2.6_350

180 2.97431

200 3.30493

220 3,63540

2_0 3.965?8

260 k.29608

280 _.62632

300 _.95618

350 5.?81_

_gO 6.6_656

_50 7._3160

500 8,25658

550 9.08153

600 9.906_6

700 11.59625

800 13,20601

908 14.8957_

1000 16.505_5

1200 19.80485

lk00 23.10426

1600 26._040_

1800 29.?0632

2000 33.01935

2500 kl.580_8

3000 51.9323_

TW3-PdASE BOUNDARY

ISOTHERM

OERIVATI#E

CU H-HFA/KG

1.1781

1,1673

1.0565

0.989_

0.9257

0.8653

0.8602

0.7373

0,6713

0._051

0.53_0

0 4836

0 06_5

u _663

0 0731

0 0795

0 0856

0 C91_

O. 0971

0. IG26

O. 1079

0.1131

0.1183

0.1233

0.1283

0.1332

0.1380

0.1k29

0.1_76

0.1523

0.1617

0.1?09

0.1800

0.1890

0.1980

0.20£9

0.2157

0.22_5

0. 2332

0.2_19

0.2636

0.2850

0.306_

0.3276

0.3_88

0.3699

0.390q

0._119

0.4955

0.5788

0.6618

0.7_8

0.8276

0.9103

0,9930

1.0757

1.1583

1.2_08

1._k73

1.6536

1.8599

2.0622

2.2725

2.8912

3.3037

3.71E1

_.128_

4.953_

5.7783

6.f031

7.-280

8._528

10.31_q

1_,3770

THERMODYNAMIC PROPERTIES OF PARAMYOROGEN

ISOCHORE INTERNAL ENTMALPY ENTROPY CV

OERIVATIV_ ENERGY

MP_/K KJ/KG-K KJ/KG KJ/KG-K KJ

0.9261 -308.8 -305.6 _.972 _.89

0.9_61 -308.1 -30_.8 5.027 k.71

0.9158 -301._ -298.2 5.W87 _.91

0.8971 -29_.3 -291.0 5.951 5,11

0.882W -286.7 -28].3 6.k1_ 5.29

0.8678 -278,6 -275.2 6,879 5._6

0.8526 -270.0 -266.6 7.3_5 5.61

0.835k -260.9 -257._ _.815 5.7_

0.8163 -251.2 -2W?.6 8.292 5.85

0.79_6 -240.8 "Z3T.Z 8.776 5.95

0.7690 -229.7 -226.0 9.2?5 6.03

0.746_ -220.8 -217.0 9.659 6.08

0.01_0 121.2 ?02.2 27.322 6.73

0.6137 123.3 205.8 27.k71 6.69

0.0127 131,5 219.5 28.029 6.56

0.0119 139.3 232.6 26.5_3 6._9

0.0112 1_6.9 2W5.2 29.022 6._

0.0106 15_.3 257.6 29.472 6._0

0.0100 161.5 269.7 29,898 6,38

0.0096 168.7 281.7 30.302 6,36

0.0092 175.? 293._ 30.688 6.3_

0.0088 182,6 305.1 31.057 6.33

0.008_ 189,5 316.6 31.412 6.32

0.0081 196.3 328.0 31.752 6.30

0.0070 203.1 339.3 32,030 6.29

0.0076 209.8 350,6 32,397 6.28

0.0073 216.5 361.7 32.703 6.Z8

0.0071 223,1 372°8 33.000 6.27

0.0069 229.7 383.9 33.287 6.27

0,0067 236,3 39_,9 33,566 6.2?

0.0063 2_9._ q16.3 3k.100 6.26

0.0060 262.5 438.6 34.607 6.27

0.005? 275.5 _60.3 35.089 6.27

0.005_ 288.4 _81.9 35.5_9 6.29

0,0052 301._ 503.5 39.989 6.31

0.0050 31_,4 525.0 36.412 6.33

0.00_8 327._ 546.6 36.818 6,36

0.00_6 3_0.k 968.1 37,210 6.kl

0.004_ 353,6 589,8 37.590 6._6

0.00_3 366.8 611,_ 37.957 6.51

0.0039 _00.3 666.1 38,832 6.70

0.0036 _34.8 721.7 39.656 6,95

0.0034 470._ T73.5 _0.440 7.25

0.0032 508.1 836.9 _1.19_ ?.61

0.0030 5_?*_ 897,1 41,923 8.00

0.0028 588.7 999.2 42.633 8,41

0,002? 632.0 1023.k 43.327 8.8_

0.0025 677.5 1089.7 _4.007 9.28

0.0021 879,6 1375.1 46.603 10.83

0.0018 1107.8 1685.9 k8,996 11.82

0.0016 1349.3 2010.2 51.161 12.21

0.001_ 159_,1 2337.7 53,090 12.19

0.0013 1835.8 2662.1 5;.798 11,95

0.0011 2071.8 2980.6 96.317 11.63

0.0010 2301.k 3292.9 57.675 11,33

0.0010 2525.5 3599.5 58.903 11.07

0.0009 274_.9 3901.5 60.022 10.87

0.0008 2960.9 4200.0 61,052 10.72

0.0007 3_91.0 _936._ 63,321 10.51

0.0006 _01_.1 5665.8 65.271 10._3

C.0006 _534._ 6392.3 66.983 10._1

0.0005 505_.8 7119.0 68,513 10._0

0.0005 557_.8 7845.2 69.897 10.kl

0.000_ 6095.8 857Z.W 71.162 lO,kZ

0.0004 7140.8 10029.9 73,_09 I0._8

0.0003 8193.3 11494.8 75.36_ 10.57

0.0003 9256.6 12970.6 77.101 10.?0

£.0003 10333.9 14_60.Z _8,673 10.86

0,0002 12544.1 17495,3 01,427 11.2k

0.0002 1_837.0 20613.0 83.833 11.68

0.0002 17218.3 23819.3 8_.951 12.11

0.0001 19700.8 2712T. W 8?.861 12.66

0.0001 22329.8 3058_,7 89.?_8 13.55

0.0001 30582.5 _0977.6 96.702 20.8_

0.0001 _6661.3 59656.9 106.810 _.80

3H_)

CP

/ KG-K

6._8

6.WW

6.96

7._0

7.87

8.37

8.90

9,_6

10.09

10.79

11.62

12.29

1_.28

1_.05

13.36

12.87

12.52

12.2_

12.02

11.8_

11.69

11.57

11._6

11.36

11.28

11.21

11.14

11.09

11,04

10,99

10.92

10,86

10,82

10.79

10.76

10.77

10.70

10.79

10.82

10.86

11.01

11,23

11.51

11.05

12.22

12.63

13.05

13.47

15,00

15.98

16.36

16.33

16,09

15.77

11._6

15.21

15,00

14.85

1_.6k

1_.55

1_.53

1_.53

1_.53

14.55

14.61

1_.70

1_.82

14.98

15,37

15,81

16,26

16.80

17.73

25.71

53.57

VELOCITY

OF SOUND

HIS

1267

126_

1224

1197

1174

1151

1127

1103

1076

1048

1015

989

370

373

366

39?

_08

418

_28

_37

446

495

_63

4?9

495

502

510

517

531

54_

557

570

982

993

604

615

635

698

679

697

?$0

745

Z59

773

828

884

942

999

1056

1111

1164

1215

1264

1311

1420

1519

1612

1699

1781

1860

200?

21_3

2269

238_

2602

2796

2975

3139

3287

3568

3842

f

I

L
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0.25 MPA ISOBAR

TEMPERATURE OENSITY V{OHI_V)
P

DEG. K KG/CU M KJ/KC

• 13.885 77.15_5 B26.5

1_ 77.0506 625.7

15 76.2363 612.3

16 ?$,3_51 615.0

17 7_._107 61_.8

18 /3._31_ 612,5

19 72.4005 604.9

20 71.3054 595.5

21 70.111_ 5PE.O

2Z 68,8690 565.8

E3 6T._908 5_.5

• Z3,TSL 66.3708 528*3

• 23.251 3.08W3 ZC3,3

24 3.0310 206.5

25 2.8_22 219.1

26 2.6816 231.6

27 2,5_22 24h.1

28 2._195 256.3

29 2.3102 268.5

30 2.2119 280.4

31 2.12Z9 Z92.3

32 2,0k17 304.D

33 1.967Z 315.6

3_ 1.8986 327.1

35 1,8351 338.5

36 1.7761 3_9.8

37 1,7211 361.1

38 1.6697 372.3

39 1.6216 383.5

WO 1.5T63 394.7

kZ 1.4935 417.0

4k 1._19W 439,4

_6 1.3527 _6].8

48 1.2922 _84.3

50 1.2372 507.I

52 1,1869 530,Z

B_ 1.1406 553.8

56 1.0979 577.8

58 1,0584 602.4

60 1.G217 627.7

65 0,9405 694.3

70 0.8715 766.7

75 0.8121 845.6

80 0.7604 931.3

05 0.7150 1023.6

90 0,6747 1122.3

95 0.6388 1226.4

100 0.6066 1335.0

120 0.5048 1791.2

140 0.4324 2230.9

160 0.3?83 2614.1

180 0.3362 2937.7

200 0.3025 3216.8

220 0.2251 3470.0

240 0,2522 3713.0

Z6O 0,2328 3956.2

280 0.2162 4204.2

300 0.2018 4458.8

350 0.1730 2122.4

400 0.1514 5826.1

450 0.1346 654_.9

500 0.1211 72Eq.O

550 0.1101 8000.2

600 0.1009 8736.6

100 0.086S 10231.0

800 0.0757 11764.8

900 0.0673 13346.9

1000 0.0606 14990.6

1200 0.0505 184_0.8

1400 0.0433 22138.0

1600 0.0379 26017.7

1800 0.033T 30244.2

2000 0.0303 35450.3

2500 0.0240 63789,6

3000 0.0192 153046.9

4 TWO-PHASE BOUNDARY

THERMOOYNAMIC PROPERTIES Or OARAHYOPO_FN

V(CPIDU) "V(OP/O#] -(3VIO[)/V THERMAL
\ ' i I> CONDUCTIjTTy

MPA-CU M/KJ MPA I/OEG. K _/K-H K(,/_-_,
X 103 _ iJ x iJ

0,25619 90.891q _,01JI_ 73._3 _.37

0.25517 89.9_38 O.OIJ30 t4.?_ 252.00

0.23317 74.5b20 ).0120_ _q.3_ 1_7.4 _

0.22406 68.88_7 0.01_5l _3.l_ IT7._O

0.216_6 63.5_ O.OI_Q _5.qO l_l._l

0,20995 57.93]9 0.0t_7_ qT.o 1_._1

0.20413 52.5755 0.015_ qS._ 13_.31

0,19059 _7.081_ 0.0173_ 100._ %_E.0_

0.19399 _1.E7_ 0.01_02 lOl._O 11_;,_3

0,18907 36.C382 _.02134 I01. _8 10_.5_

0,18510 32.0967 0.02325 I00.49 IO_.T_

0,06730 3.]9_8 0.07022 21,_ I,_

0,06747 0.2009 ],06_05 21.53 13._

0.06792 0.207e O,06Jq7 21._ I_.l_

0.06813 0.2132 0.0555_ ZJ._] 1,.6_

0.06820 O.Z1?b 0.05129 73.0_ 1_.tP

0.06821 0._212 0.04776 23.?_ 15.6_

0.06818 0.2243 0.04_70 PW._5 1_.01

0.06813 0.226_ 3.0422_ 25.31 t6,_c

0.06808 0.22_0 0.0_000 25.56 17,01

0.06803 0.2310 0.0390_ 26.]i 17.47

0.06707 0._326 0.03630 26.:]6 _7._7

0.06795 0,23_1 0,03_T_ 27.b2 :_.3_

0.06792 0.2354 0.03333 2_.38 1_.8_

0.06789 0.2366 0.0320_ 28._5 Ig._

0.06785 0,2376 0,03006 2_._2 lq. T3

0.06780 0.2385 0.0_97_ 30.2_ 20.17

0.06776 0.23g_ 0.02_78 30._6 20.61

0.06770 0.2_01 0.02?85 31,64 _I.0_

0.06758 0.2415 0.0261_ 32._8 21._0

_.06143 0.2_26 _.0247_ 3_.$3 22.7_

0.06724 0.2435 0.0234_ 35.bq _3.56

0.06700 0.24_3 0.0222_ 37.3_ _4.38

0.06672 0.2450 0.0_12_ 38..1 _.I +

0,06637 0._55 0,02031 39,77 2_._ _

0.06596 0.2460 0.01_46 41.1_ 2_.70

0.06547 0.2_65 0.01564 42._I 27._1

0.06491 0.2qhq 0.01797 43,_P _._

0.06428 0.2472 0.0173L 45.32 Z_,_

0.06238 0.2479 0.01586 49.14 3C,8_

0.06000 0.2k04 0.01_65 52._7 32.59

0.05751 0.2488 0.01361 56.76 3_.$1

0.05480 0.2491 0.01272 60._ 3_.98

0.05208 0.2_q4 0.0119_ 6_.58 37.60

0.04946 0.2496 0.01125 70,52 ]_.lq

0.04702 0.2497 0.0106_ 75,_ 4n.74

0.04481 0.2_98 0.0100 _) 89,_ 4_,_

0.0383_ 0.2502 0,00_38 liT.tO 5_.0_

0.03507 0.2503 0.0021_ 13_.ll 5_.I _

0,03392 0.2504 0.00626 _8.2_ _3,0C

0.03397 0.2504 0.00556 15S.h6 66.18

0.0346_ 0.250_ 0.00500 160._2 6_.03

0.03556 0.2504 0.0045_ 163.44 71.68

0.03650 0.2504 0,00_16 166.27 7_,21

0.03733 0.2504 0.0038_ 16g.2_ 7_.6_

0.03802 0.250_ 0°00357 172.43 7_.07

0,03855 0.2504 0.00331 175.08 81.43

0.03931 0.2503 0.00285 186._1 87.26

0.03962 0.2503 0.00250 197.54 9_.0I

0.03969 0.2503 0.0022_ 209.4_ 98.b_

0.03970 0.2503 0.00200 221.3g 10_.3:

0,03966 0.2502 0.00183 233._ 104._7

0.03960 0.2502 0.00167 245.4_ 115.37

0.03938 0.2502 0,0014_ 269.55 12{.I_

0.03904 0.2502 0.00125 2q3.05 13_.7_

0.03857 0.2501 0.00111 318._0 147,0_

0,03800 0.2501 0.00100 440.56 157.11

0.03670 0.2501 0.00083 511.1_ 176.6;

0.03532 0.2501 0.00021 58_._ lqt.33

0 `03W01 0.2501 OmO006_ 657,72 213.38

0.03259 0.2500 0.00056 740,_0 230._

0.03047 0.24_9 0.00050 856.8_ 267.B_

O.oxgq7 0.24_1 0.00040 1707.5_ 2F9._0

0.00967 _.2381 0.30035 _81_._ 33_.3_

vISC@O[T_ f,:o_a. _IELE'ST_IE P_NOTL

3I;F_IdTTY SO_TANT _MBF[

J.]O0_:. 1.21£73

3.0005_ 1,L_=? I

3.]005; 1.23_1

2,]C7_ _ 1,_15_

3.gOC_l 1._275_

_.3000_ 1.22317

0.00C4 _, 1.?I_9

].]_t 7c 1.C0733

],O0?3q $.0O_JO

_.002_1 I.COT;+_

J.3_78_ I.C0731

J.OY_I_ 1.006_

3.00_4W 1.0066_

J.O0_72 l.O_w_

).00431 :.C_616

],?0_31 l,_050w

J.OOW_l 1.005_

_.00602 1,005_

].0052_ 1.00536

].00550 1.00523

J.OOS_q 1.0050_

J.OOE21 1,00_89

0,306_7 1.00_76

3._G72_ l. OOw$t

3.09_6_ 1._0_28

_.00_79 1.00408

2.?0_5_ 1,003_0

_.01031 1.00]r3

_.n1122 l. C0358

3.01205 I.C034_

].01291 1.00331

0.0137_ 1.0031_

0.0170_ 1.00284

]*01q_ 1,0026 ]

0,02186 I.C3ZW5

J.32_2_ 1.0022q

J.D?7G3 I.C0216

J.O2q80 1.C0203

3.03q+t 1.C0t8_

_.05566 L.C0152

J,07091 1.C0130

J,JSF+2_ 1.00114

_,I0206 1.00101

G._1851 1.00091

]-13q65 1.0008J

3.15351 1 00026

J.1720_ i 00070

].Iq160 1 C0065

J.2114_ I 00061

3.Z667q 1 C0052

,_._2285 1 O_J_o

;._9563 1.00g_t

0.4530_ 1,0003_

]._2505 1.00033

J.6Ol_q t.0003_

].7677Q 1.C002b

_._5088 1.00023

1.1501_ 1.00020

1.7_717 1.00015

3,07ib_ I.C0013

_-7158 _ 1.00010

>,7450q 1.0000_

_.q_206 t,00007

i_.q18_6 _.00006

2.22_2

J,1711

1,6391

1.5032

:.40_7

Io_514

?.3044

1.2451

t.2500

3.gC28

0.837_

0._1_5

0,8051

C,7034

9.783_

0,7752

O. 76fii

0.7620

0.7563

0,711_

_.7h66

0.7_23

0,?383

O. 7346

0,7311

0,7250

0,7105

0.71_6

0.710_

0.7064

C.7032

0.7O06

3.6985

0.6971

0.6_54

0.6011

0.6q55

C.7028

0.?008

0,7_17

C. 7945

0.68?0

0.6q26

0.6qb8

0.6951

_.6943

D.6S30

0.6q15

0.6_01

0.6000

0.6880

0.60?2

0.685q

0.6 852

_.68_7

0.6841

0,6837

C.6837

0.6837

0.5343

0.5310

C,_201

G.5274

0.5235

0,5128

0._357

0.3730

I

L

Ig II N M II



(:-Z

0,30 MPA ISOBAR

TMERHO_YNAMIC PROPERTIES OF PARAHYDROGEN

. -,t_j!

TEMPERAIURE VOLUME I_OIHERM ISOCHORE INTERNAL ENIMALPY ENIROPY CV CP VELOCIfY

DERIvtTIVE DEPIVATI_E ENERGY OF SOUND

OEG. K CU NIKG CU M-MPAIKG MPAIK KJIKG-K KJIKG KJIKG-K KJ / K_-K N/S

• 13.901 O.01Zq6 1.1812 0,9267 °308.8 -30w,_ W.973 W,69 6.3_ 1268

iw 0.01297 1.1750 0.9266 -30A.2 -30W.] 5.020 W,71 6.W3 1Z67

15 0,01311 1.0616 0.9176 -301.5 -297°6 5.k80 w.91 6.q6 1226

16 0.01316 0.9_5 0.8q92 -194._ -ZgO.W 5.9W3 5.11 7.W6 I180

17 0.013W3 0.93C5 C.88W0 -Z86.8 -782.8 6.406 5.29 7,86 1176

18 C._L361 0.87[4 C.8694 -278.8 -27_.? 6.869 5._6 8.35 1154

19 0.01380 0._051 C.8547 -270.2 -266.1 7.335 S.61 8.89 1130

20 0.01_01 0.742h 0.8370 -261.1 -25&.g 7.80_ 5.7_ q,4_ 1105

21 O.01k_ 0.6765 0.8160 -Z51.5 -Z_7.2 8.Z79 5.85 10.06 10r9

22 O,GI_SJ J.61£6 C.7964 -Z_I,I °236.8 8.763 5.95 10.75 1051

23 0.01_80 J.541W 0.7710 -230.1 -ZZ_.6 9._$9 6.0Z 11.55 1019

ZW 0.01513 0._7C6 0.7w06 -218.2 -213.6 9.770 6.00 12.w9 983

• 24.571 0.0153S 0.4345 0.7207 -Z10.9 -206.3 10.071 6.17 13.0k g6Z

• 2_.571 0.87820 0.0685 0.0168 181,7 803.3 26.75_ 6.78 15.05 378

85 0.8807_ 0.0658 0.0162 185.5 209.? 27.012 6.71 1_.59 378

26 O.Z�gb5 _.0730 0.0150 13_,0 ZZ3.9 87.568 6.59 13.80 391

87 0.31775 E.0797 C.01_0 1_2.1 237._ 88.078 6.57 13.85 403

28 0.33_85 0.0861 0.0132 149.9 250.5 88.552 6._7 IZ.84 413

19 0.35827 0.0921 0.0125 157._ 763.1 88.997 6._3 12.S_ _24

30 0.36898 0.0980 0.0119 16_.8 Z75.5 Z9.417 b._O 18.27 433

31 0.38586 6.1536 0.0113 178.1 _87.7 89.816 6.38 18.07 443

38 0.40135 0.1091 C.0108 179.3 899.7 30.196 6.36 Li.Sg 45_

33 0._17ZZ 0.11_5 0.010_ t86.3 311.5 30.560 5.35 11.75 _60

3_ 0._3291 0.11_8 0.0100 193.3 373.2 30.909 6.33 11.6_ 469

35 0._8_ 0.12_0 0.0096 ZO0.Z 33_.7 31.Z_ 6.32 11.51 _77

36 0._6382 0.1300 0,0093 Z07.1 346._ 31.567 6.31 11.4_ _85

37 0.47909 0.1361 0.0090 213.8 357.6 31.87q 6.30 11.33 _93

38 0._9_5 0.1400 0.0087 Z_0.6 368.9 38.180 6.29 11.26 501

39 0.50_32 0.1449 0.008_ 227.3 380.1 32.472 6.28 11.Z0 508

_0 0.52W89 C.1698 0.0081 Z3_.0 391.3 3Z.755 6,28 11.14 515

_Z 0.55_03 0.1593 0.0077 247.3 _13.5 33.296 6.28 11.05 530

4_ 0.58350 0.1688 0.0073 _60.4 W35.S 33.809 6.28 10.98 543

46 0.61Z77 0.1781 0.0069 273.6 _57._ 34.295 6.28 10._2 556

kS 0.64185 0.1873 0.00&6 886.6 _7_.2 34,759 6.30 10.88 569

SO 0.67078 0.196q 000063 zgg.7 500._ 35.203 6o31 10.86 581

52 0.69958 0.2054 0.0060 312.8 5Z_.6 35.6Z9 6.3_ 10.84 593

5_ 0.7Z827 0.2143 0.0050 325,9 54_.3 36.038 6.37 10.8k 60k

56 0.75685 0.2232 0.0056 339.0 566.0 36,433 6._1 10.86 615

58 0.78535 C.2321 0.0054 352.2 587.8 36.814 6.46 10.88 6Z5

60 0.81376 0.2409 0,0052 365.4 609.6 37.183 6.52 10.91 635

65 0.88_53 0.26?7 0.00_7 309.1 66_.5 38.062 6,71 11.06 658

70 0.95_96 _.2813 0.00_4 _33.7 780.Z 38.889 _.95 11.27 67g

75 1.0251_ 0.3_58 0.0041 _69.7 777.7 39.675 7.26 11.54 697

80 1.09S12 0.3_7Z 0.0038 507,2 835._ k0°430 7.61 11.87 715

85 1.1649_ 0.3_84 0.0036 546.5 896.0 41.161 8.00 12.?_ 730

gO 1.23_63 0.369_ 0.003_ 587.9 958.2 41.872 8.41 12.65 745

9S 1.30420 0.3907 0.0032 631,3 1022.5 42.567 8.85 13.07 760

100 1.37369 0._118 0,0030 676,8 1088.9 _3o2_8 9.28 13.49 774

120 1.6S09_ 0._956 C.0025 879.3 137_._ k5°846 10.83 15.01 829

L;O 1.987_7 0._791 0.0022 1107.4 1685.6 48.2_1 11.8Z t5.gg 885

160 Z.203S6 0.E622 0.0019 13_9.0 2010.0 50._07 12.21 16.37 9_2

180 Z._7938 0.7_52 0,0017 1593.8 2337,6 52.336 12.19 16.34 999

200 2.75500 0.8281 0.0015 1835.5 2662.0 5_.0_ 11.95 t6.09 1056

Z_0 3.030_8 0,9109 0.0014 Z071.5 2980.7 55.564 11,63 15.77 1111

240 3.30587 0.9937 0.0013 2301.2 3293.9 56.922 11.33 15._7 1165

260 3.58117 1.0763 0.0012 25_5.3 359_.6 58.150 11.07 1S.21 1216

280 3.85642 1.1590 G.0011 27k4.8 3901.7 59._69 10.87 15.01 1265

300 _.11135 1.2_16 0.0010 2960.8 4200,2 60.299 10.72 14.85 1311

350 _.81913 1.4_80 0.0009 3490.9 4936°6 &2.569 10.51 14.6k 1_20

kO0 5,50678 1,65_ 0.0008 _014.0 5566.1 6_.518 10,4] 1_.55 1520

_50 6.19k35 1.86C7 0.0007 _53_._ 6392.7 66.231 10._1 1_.53 1612

S00 6.88186 _.CE70 0.0006 505N.8 7119.] 67.761 10.40 1_.53 1609

550 7.5693W 2.27_3 0.0005 5574.8 7841.6 69.1_5 10._1 1_,53 1782

600 8.25879 2._796 0.0005 6095.8 8572.8 70,410 10._3 1k.55 1860

700 9.6316_ 2.8921 0.000_ 7140,8 10030°2 72,657 10._8 1_.61 2008

800 11.006_5 3.30_5 0.000_ 8193,3 11495.? 74.617 10.5_ 1_.70 2143

900 1_.3812_ 3.7170 0.0003 9256.6 12971.0 76.3_9 10.70 l_.a2 _26_

1000 13,7S601 _.1294 0.0003 10333.8 14k60.6 77.921 10.86 1_.98 2387

1800 16.50551 _.95_3 0.0003 125_.I 17w95.7 80.615 tt.Z_ 15.37 2602

1400 19.25502 S.7792 0.0002 1_836.q Z0613._ 83.081 11.68 15.81 2795

1600 22.00_82 6.EO_[ 0.0002 17217.9 2381_.4 85.199 12.13 16.25 2_75

1800 24.75651 7.4289 0.0007 19698.7 27125.6 87.10e 12.64 16.78 31_0

_OvO 27.51638 8,2537 O.O00Z 22320.1 30S75.J 88.990 13._ 17.66 3288

8500 3k,62797 10,3158 G.GOOI 30_31.8 _0870._ 9S.8_2 20.1@ 85.02 3S74

3000 _3.1_03_ 17.3779 0.0001 _5720.7 58662._ 105.6_0 _2.21 _0.S2 38_

T_3-P4ASE EOUN3ARY

r

L

I I l I I I I I I I I I _ I I _ I _ I

q -



THERMODYNAMIC PROPERTIES OF PARAH¥OROGEN CT-Z

0.30 MPA ISOBAR

TEMPERATURE OENSIT¥ V(OHIOV) V(CPIDU) -V(OPIOV) -(DV/DT)/V THERMAL VISCOSITY THEPNAL DIELECTRIC PRANCTL

P _' T P CONDUCTI#ITY DIFFUSIVITY CONSTANT RUMBEg
OEG. K KG/CU M

* 13,901 27.1830

14 77.0933

15 76.Z817

16 75.3938

12 7k.4636

18 73.k888

19 ?Z,46Z1

ZO 71.3210

21 ?0.2051

22 68.9515

23 67.5828

Z_ 66,088? 52_.8 0.18403

• 24.521 65,1597 512,3 0.18067

• 24.571 3.6738 205.1 0.06760

?5 3,5621 ZI0.0 0.0678?

26 3.3372 22_.0 0.068?5

22 3.1471 236.9 0.0684Z

20 Z.9829 2_9.? 0.06846

29 2.8387 262.2 0.06844

30 Z.7106 274.6 0.06040

31 2.5956 286.8 0.06834

32 2.4916 298.8 0.06828

33 2.3968 310,7 0.06822

34 2.3100 322.4 0.068?0

35 2.?300 334.0 0.06818

36 Z.15bO 345.5 0.06814

37 2.0873 357.0 0.06810

38 2.0Z33 368._ 0.06805

39 1.9634 379.8 0.06800

kO 1.90T3 391.1 0.06794

_2 1.8050 _13.8 0.06781

_W 1.7138 436.3 0.06764

_6 1,6319 419,0 0,062_k

_8 1.5580 481.7 0.067?0

50 1._908 50_.7 0.06690

52 1.k294 520,0 0.06655

54 1.3731 581.6 0,06613

56 1,3213 575.8 0.06563

58 1.2733 600.5 0.0650?

60 1.?Z89 bZ$.g 0.06443

65 1.1305 bg?.7 0.06251

?0 l,O_Z 265,3 0.06020

?5 0.9755 8kG,3 0.05761

80 0.9131 930,1 0.09489

85 0.8584 1022.5 O,OSZI?

90 0.8100 1121.2 0.0495_

95 0°?668 1225._ 0.04210

100 0.7280 133_.t 0.©4_87

120 0.6057 1790.7 0.03836

1_0 0.5188 2230.7 0.03510

160 0._938 2614.2 0.03395

180 0._033 2938.1 0.03399

200 0.3630 3212,_ 0.03_66

Z20 0.3300 34?0.8 0.03558

2_0 0.30?5 3713.9 0.01652

260 0.279? 39_?.Z 0,03?35

280 0.2593 4205,2 0.03803

300 0.2421 4450.g 0.03856

350 0.?075 E128.6 0.03933

_00 0.1616 582_._ 0.03963

_50 O.161k 65_6.3 0.039?0

500 0.1453 7270.4 0.03921

550 0.1321 8001.6 0.03967

600 0.1Zll 8738.1 0.03961

700 0.1038 t0232._ 0.03939

800 0.0909 11766.3 0.0390_

900 0.0808 1335_._ 0.0385?

1000 0.0722 I_992.2 0.03801

1200 0.0606 18450._ 0.036?0

1_00 0.0519 ZZ139.1 0.0353?

1600 0.0_5_ 26013.8 0.03_03

1000 0.0_04 30212.6 0.0326_

ZOO0 0.0363 35315.2 0.03062

Z500 0.0289 62102.6 0.02058

3000 0.0232 1k4953.9 0.01022

KJ/KG MPA-CU H/KJ MPA 1/DEG. K
X 10 3

628.1 0.25612 91.1717 0.01016

628,6 0.255?5 00.5832 0.01323

613.9 0.2_492 80,9809 0.01133

616.7 0.23354 74.9??? 0.01199

616.5 0,22_41 69.2910 0,01216

614._ 0.Z1680 63.9613 0.01359

b06.9 O.ZIOZ8 58,338? 0.01464

597.7 0.Z0443 52.9831 0.01580

58_.3 0.19917 47.4947 0.01722

568._ 0.19426 42.1036 0.01_92

548,3 0.18937 36.5665 0.02102

31,1119 0.02380

28.3138 0.02548

0.2296 0.07336

0.2344 0.06921

0.243? 0.0616?

0.2509 0.0559?

0.2568 0.05142

0.2616 0.0W?25

0.2656 0.04469

0,2690 0.0_202

0.2219 0.03980

O.??q5 0.03781

0._767 0.03604

0.2786 0.03446

0.2804 0.03304

0.2019 0.03175

0.2833 0.03057

0.2846 0.02949

0.2857 0.0?849

0.2876 0.02671

O.?Bgz 0.02516

0.2906 0.0?380

0.2917 0.02259

0.2922 0.02151

0.2936 0.0205_

0.2943 0.01966

0,2949 0.01885

0.2955 0,01812

0.2960 0.01744

0.2920 0.01596

0.29?7 0.01472

0.2983 0.01367

0.2987 0.01Z26

0.2991 0.01192

0.299_ 0.01128

0.2996 0.01066

0.2998 0.01011

0.3002 0.00838

0.3004 0.00212

W/K-N KG/M°S _0 MIHR
X 103 X IO T

T3.8_ ?56.63 0.00054 1.28216 2. Z189

74.83 252,95 0.00054 1.25185 2.1737

83.39 222.62 0.00057 1.24899 1.85T0

89.3? 198.14 3.00058 1.24588 1.6_05

93.24 178.41 0.00052 1.24Z6_ 1.5049

q6.02 162.12 0.00056 1.23921 1.4102

97.62 148.52 0.00058 1.7356_ 1.351_

99.03 136.79 0.00053 1.23182 1.3042

100.66 126.51 0.00051 1.22726 1.2649

101.50 117.36 O.O00_q 1.22341 1.243_

101.60 109.02 3.000_7 1.?1868 1.2398

101.03 101.33 0°00044 1.?1352 1.Z5_9

100.39 97.1k 0.00043 1.21032 1.2616

22.21 14.13 0.00148 1.01111 0.9363

Z?.83 14.33 0.00158 1.0107_ 0.9161

23.20 14.80 3.00181 1.0100_ 0,8801

?3.69 15.2? 0.0020_ 1.00951 0.8537

2_.73 15.7_ 0.00228 1.00902 0.8336

24.81 16.20 0.00251 1.00858 0.8177

25.42 16.62 3.00275 1.00819 0.8045

26.05 12.13 0.00?99 1.00284 0.293W

26.68 17.59 0.003?_ 1,00253 O.T&_O

27,31 18.04 0.003_9 1.00726 0.7760

27.96 18.49 _.00375 1.00698 0.7687

28.61 18.94 0.00401 1.00673 0.762?

29.26 19.39 0.00_28 1.00651 0.756_

29.92 19.83 0.00_55 1.00630 0.7512

30.58 20.26 0.00_83 1.00611 0,7_65

31,24 ?0.70 0*00511 1,00593 0.7_21

31.91 21.13 0.00540 1.00576 0.?380

33.?3 21.98 0.00600 1.00545 0.7308

3k.57 22.81 0.00661 1,00512 0.7245

35.91 23.64 0.00725 1.00_93 0.7190

3?.?6 2h,45 0.00791 1.00k?O 0.7141

38.62 25.25 0.00fl59 1.00450 0.7098

39.97 26.03 0.00928 I,00431 0.?063

k1.33 26,81 0°00999 1.00414 0.7033

k2.69 27.57 0.01022 1.00399 0.7@10

44.06 ?8.32 0.01149 1.00384 0.6993

_5.49 29.07 _.01221 1.00321 0.6974

k9.30 30.88 _.01420 1,003kl 0.69Z5

53.12 32,6k 0°01621 1.00316 0.692_

56.90 34.36 0.01819 1.00294 0.6969

60,27 36.02 0.0_018 1.00225 0.7037

65.?0 37.6k 0.02250 1.00259 0,2015

?0.64 39.23 0,02483 1.002_4 0.70?3

?5.57 _0.78 0o02716 1.00231 0.7050

89,62 45,74 3.03286 1.00219 0.6084

112.09 54.05 0.04636 1.00183 0.6930

136,10 59.18 0.05908 1.00156 0.695?

63.00 0.07182 1.00137 0.6954

66.18 0.00506 1.00122 0.6945

69.03 0,09822 1.00109 0.6931

71.68 0,11302 1,00099 0.691b

74*21 0.12796 1.00091 0.690?

?6.67 0.1434_ 1o00084 0.6890

?g.o? 0.15955 1.00078 0.6880

81.44 0o12626 1,00073 0.68??

8?.2? Q.22074 1.00063 0.685g

93,02 0.26914 1,C0085 0.685?

?09._8 98.?0 0,3214_ 1.00049 0.6847

?71.43 10q.33 0,3T26_ 1.00044 0.68_4

233._6 109.89 0._3270 1.00040 0.6841

245.49 115.39 0.50150 1.00036 0.68_0

126.21 0.6400_ 1.00031 0.6837

136.77 3.?926_ 1.00027 0.683?

142,02 0.95076 1.00024 0.683T

157.15 1,45613 1.00022 0.5344

126.65 1.9763_ 1.00018 0.5311

195.3_ 2.55903 1.00016 0.5292

213.43 3oZ042_ 1.0001w 0.5??6

Z30.gl 3,g?255 1.00012 0.5240

247.90 4.27675 1.00011 0.5141

289.38 8*19221 1.0000_ 0,_403

334.70 1_.8650_ 1.00002 0.3749

0.3005 0.00626 1_8.28

0.3006 0.00556 155.66

0.3006 0.00500 160.23

0.3006 0,00454 163,_6

0.3006 0.00416 166.?g

0.3006 0.00384 169.?Z

0.3005 0.00357 172.45

0.3005 0.00333 176.00

0.3o05 o.o0?85 186.?_

0.300_ 0.00?50 192.57

0.300_ 0.0022?

0.3004 0.00?00

0.3003 0.00182

0.3003 0.00162

0,3003 Q.001_3 269.61

0.300_ 0.00125 Z94.01

0.3002 0.00111 318.82

0.3002 0.00100 4_0.56

0.3002 0.00083 511.14

0.3001 0.00021 583.53

0.3001 0.0006? 657.50

0.3001 0.00056 239.50

0,3000 0.00050 851.60

0.29?9 0.00040 164_.08

D.2869 0.00035 4510.??

• TWO-PHaSE 80UNOAR¥
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C-2

0,35 NPA [SDBAR

1ENPERATURE VOLUHE

OEG. K CU NIKG

• 13.71S 0.01295

14 0.0L296

15 0,01310

16 0.01326

17 0.013_Z

18 0.01360

lg 0.01379

20 0.01_00

21 0.01323

22 0.01_9

23 0.01k78

2_ 0,01511

25 0.015_?

• 25,299 0,01562

• 25.299 0.23_t_

26 0.2_ _1

2? 0.2_ 07

28 0.27_4u6

29 0.29k30

30 0.30925

31 0.323?8

32 0.33801

33 0.35201

3; 0.36580

35 0,3?9_2

36 0.39289

3? 0.40623

38 0*41946

39 0.43259

_0 0.44S62

k2 0.41136

4_ O.kgTO;

k6 0.52239

kB 0,5_756

50 O._ST

52 0,+ _05

5_ O.b_ZZZ

56 0.64688

58 0.67145

60 0.6959;

65 0.?5*"9

70 0.81 +

?S 0.8P7_b

80 0.93802

85 0,99802

90 1.05788

95 1,1176_

100 1.1T730

120 1,k1526

140 1.65251

160 1,88933

L60 2.1Z586

ZOO 2.36220

ZZO 2,595_0

240 2.83_50

Z60 3.07053

280 3.30649

300 3.54Z19

350 4.13177

;G_ ;,7Z123

;50 S.31060

500 5.89992

550 6.48920

600 7.078_6

?00 8.25692

800 9.4353_

900 10.61374

1000 11.79712

1200 14,1_085

1300 16.5055T

1600 : _6252

1800 _09?

2000 592

ZSO0 _ ,_6_6

3000 3_ _5890

+ TMO-PHASE BOUNDARY

IHERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISO T+ M I50CHORE INTERNAL ENTHALPY ENTROPY CV

DE_! EVE DERIVATIVE ENERGY

GU _ A/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ

1,18_ 0.9223 -308,8 -30_.3 _,95_ _.69

1.1826 O,9Z?Z -308,3 -303.T S.014 k.71

L.0067 0.919_ -301.6 *297,I Y,k?3 ;.91

3,9993 G.9009 o29_,5 o209._ 5,936 5.10

0,g353 0.0856 *287.0 -ZSZ.] 6._8 S.Z9

0.8753 0.8710 -Z78.9 oZ?_,Z 6,_0 5,_5

0._1_0 0.8559 -270,; -265,6 ?.325 5,60

a.7_73 0.8386 o261,3 -256°4 7,_93 5.73

0.6817 0.8197 -25i.7 -Z_6.7 8.267 5.85

0.6161 O.?qoz -231,4 -236._ 8.7_9 5.9_

0._73 0.7730 -230.4 -225.2 9.2_k 6.02

0._770 0.7_30 -218,6 -216,3 9.752 6,09

0._056 0.Z075 -_OS*I -200._ 10.280 6.1_

0.3850 0.69;g -201.7 -196.2 10._5 6.16

0.0603 6,0198 121.6 203,6 26.258 6,8_

0.C660 0.0186 128.2 21k.; 26.682 6.T2

E,0735 0.0172 136.9 229.0 27.231 6.61

0.0805 0.0161 lk5,2 _32.8 27.735 E.53

0.0870 0.0151 153.1 256._ _8,202 6.k_

0.0933 0.0143 160,9 _69.1 28o6kl 6._5

0.0993 0.0136 160.4 281.7 Z9.053 6.;2

0,_051 0,0130 175.8 29_.I 29._k? 6._0

0.1105 0,012k 183.0 306.3 29,821 6,38

0.1162 0.0119 190.2 310.2 30,179 6.36

0,1216 0.011_ 197.3 330.1 30._ZZ 6.3_

0.1269 0.0110 20_.3 3_1._ 30+_2 6,33

0,1321 0.0106 211.2 353._ 31,_9 6.32

0.1372 0.0103 218.0 36k.8 31,_76 6,31

0.1322 0.0099 22_.9 376.3 31.772 6,30

0.1_72 0.0096 231._ 387.6 32.059 6,30

0.1570 0.0091 2;5,1 _10.1 32.608 6.29

(.$666 0.0086 258.; _32._ 33.126 6,2_

0.1761 0.0082 271,6 k54.5 33.610 6.29

0.1855 0.0078 28_,8 _?6.5 34.0&6 6.30

0.19kT 0.007; 298.0 ;98._ 3;.533 6.32

(,2039 0.0011 311,2 520.3 3;.962 6.35

0.2130 0,0068 323.3 5_2.1 35.353 6,3_

G.2220 0.0065 33T.5 563.9 35.?T1 6.;2

0,2309 0.0063 350.8 585,8 36.154 6.kT

0.2398 0.0061 36;.1 607.? 36.525 6.$Z

0,2618 0,0056 397.9 662.8 37.;08 6.?1

0.2836 0.0051 k32.7 718.8 38.Z37 6.96

0,3057 0,00;8 ;68.7 ??5.9 39.026 7.26

0,32E7 0.00;5 506.3 &3_.6 39.783 7.61

0.3;81 0,0042 545.7 095.0 40.5L5 8.00

0.369; 0.0039 587.1 957.3 41,Z27 8.kZ

0.3906 0.0037 630,5 1021." 41.923 8.85

0._117 0.0035 676.1 1080. 42.605 9.28

0._g58 0.0029 078.7 137k._ _5.205 lO,SJ

G,_79; 0.0025 1106,9 1685.3 ;?.602 11.8_

0,_626 0.0022 13;8.6 2009.8 _9o768 12._1

0.7k57 0,0020 1593,4 2337.5 51,699 12.19

0.8287 0*0018 1835.3 2662.0 S3,_OT 11,95

0.9115 0.0016 2071.3 2960.7 54,92_ 12,63

0.9943 0,0015 2391.0 3293.1 56.285 11.35

1.[710 0.0013 2525.1 3599.8 55.913 11,08

1.1597 0.0023 274;*6 3901.9 58*633 10.87

1*2_23 0,0012 2960.6 ;ZOO.; 59.663 10.72

1._88 0,0010 3_90.6 _936.9 61.933 10.51

1.0552 0.0009 k013.9 5666._ 63.882 10.k3

1.8615 0,0008 _53_.3 6393.0 65.59_ 10.kl

2.0679 0.0005 505;.7 7119, T 85.1Z5 10._0

2.27q2 0.0006 557;.? 78_5.9 68,510 10._

_.;804 0,0006 6095.7 8573.2 69.77k 10,k3

2.0929 0,0005 71;0.7 10030.6 72.022 10._8

3.3054 0,0009 0193,2 11_95,6 73.976 10,57

3.7179 0,000; 9256*6 12971,k 75.113 10.70

;.1303 0,000_ 10333._ lk361.1 ?7,285 10.8'

_.9552 0.0003 125_.1 17_96.2 80,039 11.2_

5.7801 0.0003 1_836.9 20613.8 82._6 11.08

6.60_9 O.O00Z 15217,7 23819.6 84.563 12.12

?,;298 0.0002 lq_57,0 2712_,3 06.q?l 1Z.03

8._5_6 0.0002 _ _12.5 30567.5 88.350 1_+_3

10.3167 0.0001 31._13.6 30695-9 95.192 1_ PI

12.3788 0.0001 _;_flq.2 57889.9 IG;.769 _G.19

CP

/ K_-K

6.39

6._2

6,95

7.39

7.86

8.3_

8.87

9.k2

10.0_

10.72

11.51

12.33

13.55

13.89

15.88

15.02

1;,16

13.56

13.11

12.76

12.26

12.07

11.q0

11,76

11,6;

11,5_

11,;5

tl.37

11.30

11.19

11,10

11.03

10.98

10.93

L0.92

10,91

10.92

10.94

10.97

11.10

11.30

11.57

11.90

12.25

12.67

13.08

13.50

15.02

15.99

16,37

16.34

16.09

15,7T

15.;?

15.21

15.01

13.85

1;.64

14,95

14.53

14.53

14.53

14.55

1_.61

13.7_

16._B

15._7

15.81

16.25

16.77

17.61

24.48

_0.15

VELOCITY

OF SOUND

M/S

12?0

1270

1229

1203

1179

1157

1132

1108

108Z

105k

1023

967

946

933

3P4

38;

39P

_08

4Z9

k39

_58

466

483

k91

499

507

520

5_Z

556

$60

58!

592

609

61;

625

635

658

679

690

715

731

?;6

P60

++q

805

94+

1000

1058

1112

1165

t216

1265

2312

1421

1520

161Z

1699

1782

1861

2008

_144

2?TO

2381

2602

z?g7

2975

3131

3289

3S_9

3666

!

r
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0.35 MPA ISOBAR

TEMPERATURE OENSIT¥ V(OH/OV)
P

OEG. K KG/CU M KJ/KG

" 13.918 7/.Z115 629.7

1_ 77.13S0 631.5

15 76.3270 615.5

16 75._427 618.3

17 FW.5163 618.2

18 73.5458 616.3

19 ?Z.S733 600.8

ZO 71.4378 599.8

21 70.2782 586.7

ZZ 69.03Z4 5Tl.1

23 67.6752 551.3

24 66.1935 528.1

25 64.5558 501.3

• 25.29_ 64.01Z3 493.5

* 2S.79_ 4.2710 206.2

26 4.0566 Z16.0

27 3.7998 229.6

28 3.5834 242.9

29 3.3970 Z55.9

30 3.2336 268.7

31 3.0885 281.3

32 2.9585 293.6

33 2.8408 305.8

34 2.733? 317.7

35 2.6356 329.6

36 2.5492 3_1.3

37 2.4616 352.9

38 2.3040 364.5

39 2.3117 376.1

40 2.2441 387.6

42 Z.1ZlI _10.5

44 2.0119 433.3

46 1.9143 456.2

48 1.8263 479.2

50 1.7465 502.3

5Z 1.6738 525.7

54 1,6072 549.5

56 1.5459 573.8

58 1._093 598.6

60 1.4369 62N.1

65 1.3Z12 691.2

70 1.2Z32 763.9

75 1.1391 843.0

80 1.0661 928.9

85 1.0020 1021.4

90 0,9453 1120.2

95 0,8947 1224.5

100 0.8494 1333.2

120 0.7066 1190.2

140 0.6051 Z230.5

160 0.5293 2614._

180 0.4704 2938.5

ZOO 0.4233 3218.0

220 0.38_9 3471.6

2k0 0.3528 3714.8

260 0.3257 3958.2

200 0.3024 4206.3

300 0.2823 4461.1

850 0.2420 5129.9

400 0,2110 5828.8

450 0.1883 6547.6

$00 0.1695 7271.8

550 0.15hl 8003.0

600 0.1413 8739.6

700 0.1211 10233.9

800 0.1060 1176/.8

900 0,0947 13352.0

1000 0.0848 14993.8

1200 O.OTO? 10_52.0

1NO0 0.0606 221_0.4

1600 0.0530 25011.1

1800 0.0471 30188._

2000 0.0424 35210.5

2500 0.0337 60799,1

3000 0.0271 13_6C7.2

TW3-P_ASE BOUNDARY

THERMOOYN_MIC PROPERTIES OF PARAHYDROGEN

V(DP/DU} -V(OP/DV) -(3VIOT)/V THERMAL

V T P CONDUCTIVITY

HPAoCU MIKJ HPA tlOEG. K W/K-H

X 103 X 10_

0.25606 91.4518 0.01014 7_.05

0.25533 91.2209 0.01016 74.87

0.2_531 81._195 0.01129 83.45

0.23391 75.3921 0.01195 89.40

0.22_76 69.6955 0.0177t 03.34

0.21712 64.3776 0.01353 96.13

0.21059 58.7405 0.01457 97.?5

0.20k7_ 53.3890 0.01571 99.18

0,19946 q7.9054 0.01711 100._2

0.19454 42.5317 0.01_77 101.69

0.18966 37.0390 0.02087 101.82

0.18438 31.5729 0.02353 101.Z_

0.17842 26.1848 0.0?702 100.08

0.17627 24.6966 0.02S14 99.54

0.06790 0.2575 0.07699 Z3.94

0.06830 0.2678 0.0695] 24.06

0.06858 0.2793 0.0616_ 24.39

0.06868 0.2883 _.05581 24.53

0.06869 0.2956 0.05122 25.33

0.06865 0.3016 0.04749 25.88

0.06859 0.3066 0.0_38 26.47

0.06853 0.3108 0.0417_ 27.08

0.06846 0.31_5 0.03945 27,69

0.06845 0.3177 0.03745 28.31

0.06843 0.3205 0.03569 28.94

0.06840 0.3229 0.03_11 Z9.58

0.06836 0.3251 0.03269 30.22

0.06830 0.3270 0.03141 30,87

0.06825 0.3288 0.03023 31.52

0.06818 0.3303 0.02916 32.10

0.06804 0.3330 0.0Z725 33.49

0.06786 0.3353 0.02561 34._2

0.06765 0.3372 0.02417 36.15

0.06740 0.3387 0.02791 37.48

0.06709 0.3401 0.07178 38.83

0.06673 0.3_13 0.02077 tO.iT

0.06630 0.34?3 0.01086 41.53

0.06580 0.3431 0.01002 42.88

0.06522 0.3439 0.01827 4N.24

0.06458 0.3446 0,017_7 45.67

0.06265 0.3459 0.01606 40.47

0.06032 0.3469 0.01480 53.27

0.05772 0.3477 0.01373 57.03

0.05499 0.3483 0.01281 60.g0

0.05226 0.3488 0.01201 65.82

0.0496? 0.3492 0.01131 70.75

0.04717 0.34g5 0.01068 75,68

0.04494 0.3497 0,01013 89.65

0.03840 0.3503 0.00839 117.09

0.03514 0.3506 0.00717 136.10

0.03397 0.3507 0.00625 148.28

0.03402 0.3508 0*00956 155.67

0.03468 0,3508 0.00500 160.Z_

0.03560 0.3508 0.00454 163.47

0.03654 0.3508 0.00416 166.30

0.03737 0.3508 0.00384 169.24

0.03805 0,3507 0,00357 172,47

0.03858 0.3507 0.00333 176.03

0.03934 0.3506 0.00285 186.26

0.0396N 0.3506 0.00250 197.60

0.03971 0.3505 0.00222 200.51

0.03972 0.3505 0.00200 221.47

0.03968 0.3505 0.00182 233.50

0.03961 0.3504 0.00166 245.53

0.03939 0.350_ 0.00143 269.66

0.03905 0.3503 0,00125 294.07

0.03850 0.3503 o.gOlll 318.93

0.03801 0.3503 0.00100 440.56

0.03671 0.3502 0.00383 511.1_

0.03532 0.3502 0,00071 583.52

0,03604 0.3502 0.00062 657.33

0.03267 0.3501 0.00056 738.48

0.03073 0.3500 0,00050 847.49

0.02108 0,3478 0,00040 1594._?

0.01070 0.3358 0.00035 4271,99

C-2

VISCOSITY THERMAL OIELECTRIC PRANOTL

OIrFUSIVITY CONSTANT NUMBER

KC/H-S SQ M/HQ

X 107

256.94 0.00054 1.25226 2.2156

253.85 0.00054 1.25200 2.1762

223.39 _,00057 1.24915 1.8606

198.82 0.00058 1.2_605 1.6430

179.02 0.0005? 1.24280 1.5066

162.73 0.00056 1.239_I 1.4117

149.03 0.00055 1.23583 1.352N

137.Z? 0.00053 1.23205 1,3041

126.g? 0.00051 1,22802 1.2641

117.81 0.00049 1,22369 1,2417

10q.47 0.00047 1.21899 1.2310

101.78 0.00044 1.21388 1._489

94.56 _.00041 1.20824 1.2799

92.41 0.00040 1.20637 1.2891

14.66 0o00127 1,01293 0.9724

14.98 _.00142 1.01228 0.9349

15._3 0.00163 1.01150 0.89_8

15.88 0.0018_ 1,01084 0,8674

16.34 0.00205 1.01027 0.$4_?

16.80 0.00226 1,00978 0.8284

17.25 0.0024? 1.00934 0.8137

17,70 0,00269 1.00894 0.8014

18.15 0.00291 1.00859 0.7911

18.50 0.00313 1,00826 0.7819

19.05 0.00336 1.00796 0,7740

19.49 0.00359 1.00769 0,?669

19.97 _.00383 1,00744 0.760?

?0.36 _.00407 1,00T20 0.7550

20.70 0,00_32 1.00690 0.7479

21.22 _.00457 1.00678 0.7451

22.06 0.00508 1.00641 0.7369

22.89 0.00561 1.00607 0,7297

23./1 0.00616 1.00578 0.7235

24,57 0.00673 1,00551 0,7180

25.31 3.00?32 1.00527 0.7133

26,10 0.00791 1.00505 0.?093

26.8? 0.00852 1.00485 0.?060

27.63 0.00915 1.00467 0.?034

28.38 0.00978 1.00449 0.?016

29. I2 0.01043 1.00434 0.6996

30.94 _.0121_ t.00399 8.6941

3?.69 0.01387 1.00369 0.6936

34.40 0.01S58 1.00344 0.6900

36.06 Q.01728 2.0032Z 0./046

37.69 0.01928 1.00302 O.?OZZ

39.?7 0.02127 1.0026_ 0._030

40.82 0*023?8 1.00270 0o?0_5

45.74 0.02814 1,00256 0.6890

5_.05 0*03971 1.00213 0,6935

50.18 0.D$067 1.00182 0.69S$

63.00 0.06160 1.00160 0.69_6

66.18 0.07291 1.0014Z 0.6947

69.03 0.08468 1.00126 0.6933

71.69 0.0069N 1.00116 0.6917

74.22 0.10971 1.00106 0.6903

76,67 0.12299 1.00098 0,6091

79.08 0,13680 1.00091 0,6081

81.45 _.15113 1.00885 0*6073

87,28 0.18927 1.000/3 0,6860

93.03 0.2307? 1.00064 0.685Z

$8.TZ 3.27562 1.00057 0.684/

104.34 0.32382 1.0003L 0.6844

1D9*91 0.3?530 1.00046 0.6641

115.41 0.43001 1.00043 0,6640

126.23 0.5487g 1.00036 0.683?

136.79 Q,67965 1.00032 0*683?

147.11 0.82207 1.00020 0,683?

157.18 1.2482_ 1.00026 0.Y346

176.69 1.69419 1,00021 0,5312

105._2 Z.19359 1,00018 0.5294

213.48 Z.74687 1.00016 0._Z77

230.97 3.36495 1.00014 0.$244

Z47,96 . 4.00714 1.00013 0,S131

280.38 6.g5696 1.00010 0.4442

334.27 11.77275 1.00008 0.3768
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C-2

0.;0 MPA ISOBAR

THERH03YNAHIC PROPERTIES OF PARAH¥OROGEN

TEMPERATURE VOLUME Z$OTHERH ISOCHORE INTERNAL ENTHALPV ENTROPY

DERIVATIVE DERIVATZVE ENERGY

OEG. K CU MIKG CU H-HPA/KG HPAIK KJ/KC-K KJIKG KJIKG-K
,sam

• 13.935 0,01295 1.1876 0.9279 -308.8 -303.6 ;.975

14 0.01296 1.1_02 0.9278 -308.3 -303. Z 5.007

15 0.01309 1,0718 0.9211 -301.8 -296.5 5.;65

lb 0.01325 1.0042 0.9075 -29_.6 -289.3 5.928

17 0.013;1 0.9401 C.8872 -267.1 -281.7 6.389

18 0.01398 3.8026 0.8T29 -279.1 -2?3.7 6.050

19 0.01378 0.8191 0.8516 -270.6 -265.1 7.31;

20 0.01399 0.?523 0,0;02 -Z61.6 -Z56.0 ?.782

21 0.01;21 0.6666 0.o213 -25z.0 -Z;6.3 8.255

ZZ 0.01;;7 0.62]5 0.0000 -241.7 -235.9 0.?36

Z3 0.01;76 0.5532 0.7751 -230.8 oZZ;.9 9.ZZ8

Z; 0,01508 _._R31 0.7;5_ -219.0 -213.0 9.734

25 0.015;6 0.;122 0.71,_3 -Z06.3 -Z00.1 10.ZS9

25.95? 0.01590 0.3_3? 0.669_ -192.9 -186.6 10.790

25.957 0.Z0;96 0.C579 0.0229 121.1 203.1 25.813

Z6 0.205?2 3.0503 C.0228 121.6 203.9 25.6;2

27 0.22161 0.0668 O.OZOS 131.2 Z19.9 26.4;5

28 0.236;8 0.07;5 0.0193 1;0ol 23;.7 26.985

29 0.25063 0.0817 0.0180 1;8.6 Z;&.B 27.;00

30 0.26;26 0.088; 0,0170 156.7 262.W 2T.9;0

31 0.27T47 0.0940 0.0160 16k.5 279.5 28.3T1

32 0.29036 0,1009 0.0153 172.2 288,3 Z8.TT?

33 0.30298 0.1068 0.0145 [79.7 300.9 20,163

3; 0.31537 0.1126 0.0139 187.0 313.2 29.531

35 0.32758 0.1182 0.0133 19;.2 325.3 Z9.882

36 0.33963 0.1237 0.0120 201.; 337.2 30o219

37 0.3515; O.Jzgo 0.012k 208.; 3;9.1 30.5;3

38 0.36332 0.)3;3 0,0119 215.; 36_.8 30.855

39 0.37500 0.1395 0.0115 222.; 372.; 31.156

kO 0.38659 3,1;46 0.0112 229.2 383.9 31.;;?

42 0.;0952 0.15_7 0.0105 2;2.0 ;06.7 32.003

_; 0.;3217 0.16;5 0.0099 256.3 _29.2 32.526

k6 0.45460 0.17;2 0.009k 269.7 _51.5 33,024

_8 0._?684 0.1837 0,0089 Z83,0 ;73,8 33.;97

50 0.;9092 0.1931 0.0085 296.3 495.8 33.9;6

52 0.52006 0.202; 0,0082 309.5 517.9 34.380

5; 0.5_260 0.2116 0.0078 322.8 539.8 3;.79;

56 0.564;0 0.2207 0.0075 336.0 561.8 35.19;

58 0.58603 0.2297 0._072 3;9,k 583.8 35.5?9

60 0.60756 0.2387 O.0OTO 362.0 605.0 35,952

65 0.66116 0.2610 0.0064 396.7 661.1 36.839

70 0.71_;1 0.2029 0.0059 ;31.6 717.3 37.6r1

?5 0.767;1 0.3047 0.0055 ;67.7 ?_;.6 36.462

00 0.62020 0.3213 0.0051 505.; 833.4 39.221

05 0.87283 0.3;78 0.00;8 5;k.8 69;.0 39.95k

90 0.92533 0.3691 0.00;5 586,2 956.; ;0.668

95 0.9?7?2 0.390; 0.00_3 629.8 1020.8 41.365

100 1.03002 0.4116 0.00;1 675.; 1007.; ;2.0;7

120 1.23851 0.;q59 0.0034 678.2 1373.6 ;;.650

1;0 1.44630 0.5796 0.0029 1106,; 1685.0 ;7.0;8

160 1.65369 0.6_30 0.0025 13_0.2 2009.6 ;9.215

100 1.66072 0.7;6_ O.OOZZ 1993.1 2337.; 51.1_6

200 2.06760 0.8292 0.0020 1835.0 2662.0 52.655

220 2.2?43; 0.9121 0.0014 2071,0 2960.8 5;.3T5

240 2,48098 0,99;9 0.0017 2300,6 3293,2 55.734

260 2,6675; 1.0777 0.0015 252;.9 3599.9 56.962

280 2.89_05 1.16_; 0.001; 27;;.; 3902.0 58.081

300 3,10031 1.2;30 0,0013 2960.5 ;200.6 59.112

350 3.61625 1.;;96 0.0011 3;90.7 ;937.2 61.362

;00 ;.13_06 1.6560 0.0010 ;013.8 5666.1 63.331

;50 ;.64779 1.862; 0.0009 453;.2 6393.3 65.0;;

SO0 5.163;6 2.0607 0.0008 505;.6 7120.0 66.57_

550 5.67910 2.2?50 0.0007 557;.7 7846,3 67.959

600 6.19;71 2,;813 0.000? 6095,7 8573,6 69.223

700 7.22508 2.8938 0.0006 ?1;0.7 10031.0 71.;T1

600 0.25701 3.3063 0.0005 8193.2 11;96.0 73.;26

900 9,25611 3,718T 0.0004 9256,6 12971.8 ?5o162

1000 10.31920 ;.1312 0.000; 10333.0 14;61.5 76.73;

1200 12.36135 ;.9561 0.0003 1254;.1 17;96.6 79.468

1;00 1;.k;3;9 5.7809 0.0003 1;836.6 20614.2 61.895

1600 16.50580 6.6650 0.0003 17217.5 23819.0 8;.012

1600 18.56935 T.;306 0.0002 19695.6 27123.; 85.919

2000 20.63822 8.2555 0.0002 22306.3 30561.6 67.?96

2500 25.94803 10.317_ 0.0002 30220.2 40599.4 9;.598

3063 32.16612 12.3797 0.0001 ;4399.4 57266.7 103.987

TW:-P_ASE BOUMOARY
286

Cv CP VELOCITY

OF 50UNO

KJ I KG-K N/$

;,69 6.39 1271

_.71 6.;1 1273

;.91 6.9; 1231

5.10 7.30 1205

5.29 1.65 1261

5.;5 0.32 1160

5.60 6.6; 1137

5.75 9.;0 1111

5.8; 10.01 1085

5.9; 10.66 1057

6.02 11.46 1026

6.09 12.37 991

6,1_ 13.46 950

6.19 1;.7; 965

6.89 16.79 376

6.88 16.71 376

6.72 15.3; 390

6.62 14.;; 603

6.56 13.00 415

6,51 13.33 425

6.47 12.96 ;36

6.;4 22.66 _65

6.;2 12.;1 455

6.39 12.21 kGk

6.37 12.03 6T3

6.35 11.86 _61

6.3; 11.76 489

6.33 11.65 497

6.32 21.55 S05

6.31 11.47 §13

6.30 11.33 S27

6,30 11.22 541

6,30 12,14 SSS

6.31 11.07 S60

6.33 21,03 560

6.35 11.00 S92

6.36 10.96 603

6,42 10.96 614

6.;7 10.99 625

6.53 11.02 635

6.71 11.14 656

6*96 11.34 679

?.26 11,60 696

?*61 11.92 T15

6.00 LE.29 731

6.42 12.69 746

8.85 13,10 760

9.28 13,52 774

10.83 15.03 630

11.82 16.00 686

12.22 16.36 943

12.19 16.3_ 1000

11.95 16.10 1057

11.63 15.78 1112

11.33 IS.k? 2165

11.08 15.21 1227

10.87 15*01 1266

10.72 14.65 1312

10.51 14.6; 1421

10.;3 14.55 1520

10.;1 1;.53 1613

10,;0 14.53 1700

10.;1 14.53 1762

10.;3 14.55 1861

10.;8 14.61 2008

10.57 1;.70 2144

10.70 1;.62 Z270

10.86 14.96 2386

11.2; 15.37 2603

11.60 15.61 2797

12.12 16.25 2976

12,_Z 16.75 3141

13 _: 17.$6 3290

19. 2;*0; 3583

38.5o ;6.24 3848

j_
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il

0.40 MPA ISOBAR

TEMPERATURE OENSITY

BEG, K KG/CU M

13.935 77.Z399

14 77.1782

15 76.3720

16 75.4904

11 ?4.5686

18 73.6116

10 77._011

20 71.5035

71 70.350T

27 69.1127

23 67,76_5

24 66,?074

25 64.67Sg

?5.95? 6?.9088

25.957 4.8?90

26 4.8610

77 6.5174

ZO 4,2287

79 3,9890

30 3.?84?

31 3,6040

3? 3.4440

33 3.3005

36 3.1208

35 3.057F

36 Z,0444

3T ?,8667

38 ?.7574

39 2.6666

40 2.5867

62 2.4619

44 Z.3139

46 2.1997

48 ?.0911

50 2.0063

5? 1.9199

54 1.84Z7

56 1.7718

58 1.TOb4

60 1.6659

65 1.5125

70 1.3998

75 1.3031

80 1.7192

85 1.1657

90 1.0807

95 1.0Z28

100 0.9709

120 0.807_

160 0.6914

160 0.604T

180 0.5374

ZOO 0.6837

Z20 0.639?

Z40 0,6031

260 0.3FZ1

280 0.3655

300 0.3Z25

350 0.2765

600 0.2620

650 0.Z157

500 0.1937

550 0.1T61

600 0.1614

700 0.1384

800 0.1Zl1

900 0.1077

1000 0.0969

1200 0.0800

1400 0.0692

1600 0.0606

1800 0.0539

2000 0.0485

2500 0.0305

3000 0.0311

* TWO-PHASE BOUNJAR¥

THERHOF)YNAMIC PROPERTIES C_ PARA_DR)GEh (:-2

V(DH/OV_ V(DPlDU) V -VIOPIDV)] -(3VIO/![V TMEKM_: VlSC_SII_ THerMAL [iI[L_CTRIC PRANDTL
COI_OUCTI_'rT, _IFFHSIVITY UONSTAN[ NbMBER

KJ/K6 HPA-CU HIKJ MPA I/DEG, K W/K-H KG/H-. _Q H/M_

631.3 0.Z5599 91.73Z2 3,01J11 7_. _: Z_,Z ,.OOC_ L.2523& 2._126

634,3 0,25541 91.8568 0,01013 74,91 25_,?_ ),000¢_!, 1,25215 ?,I789

617.1 0.745T0 81.8561 0.01125 83._! 224.1! J.0005_ £._4931 1,8692

619o9 0.23427 75.80_I 0,01191 89._ 199,_ 3,0005_ I,2462! 1,6455

619.9 0.27511 70.0983 3.01Z66 93._3 17_.6_ 3.00057 1._4290 1.5084

619,2 0,21750 64,9667 0.(1134_ 96,2'_ I65,3_ }.D0057 L.23964 1.4120

612,8 G,2109_ 59,4563 0,0%W_,2 9l,> _, 14_,6_ 3.00_5_ 1,23607 1.3508

602,0 C,20502 53.7931 0,01_D/ 99.;I 137.7:, 3o@0051 1o232_ 1,30_0

5@_,0 0.19974 48.31J7 0.0170] I00._ 1_7.41 3.00053 1.22877 1,263_

573,7 0,19681 43,956_ 0,318_3 101,_" 116.2'_ q. DD05L 1,22397 1,2401

5_4._ 0.1_990 37._672 0.02:1_ 100.0_ I_,_i d.O_q_Z 1.71_31 1.Z3_4

531.4 _.18472 3?.0293 0.0732_ i01._ 1C2.Z J*QO_h_ 1.21624 1.2450

505,0 0,17883 76.6581 0.0766_ 100._7 95.U_ 3.000_ _ 1.20865 1.2739

476,2 0,/7182 71,6193 0,03096 98.5_ 88.3_ 0,000_ 1,20259 1.3216

206,9 C,06820 0.2876 _.0811 _ ZB, I; ]5.1; _,00111 I,_1478 1.0116

?G7,6 6,06823 0,2_]_ D.O&O_3 25,._ i_._ _.00111 1._1472 1.0083

?Z?,G 0.06869 0,3016 0,06_I_ 25,.i 15,_1 3,00131 I,C1366 G.9489

?35.9 0.06888 8.3152 0.0612] 25.51 1b.0_ 3._0190 1.01280 0,9083

Z_9.9 0.0689? 0.3_58 0.055_2 25. i: 1_.44 ].OOI_q 1.01_07 0.8787

?62,0 0,068_9 0,334_ 0,05372 26,_ 16._:, ;,301_ 1.01145 0,_5_?

275,7 0,06803 0,3415 _,0469) 26._3 17.3_ J.00P0_ 1,01090 0,8366

286.4 0.058?? 0.3_75 0.0438_ 77,50 17.8_ _.00727 1.01042 C.8207

301,0 0,0686_ 0,35Zb 3,3_I_ 36,3! 15,Z_ 3,;02_ _ 1,0099_ 0,80??

313,1 0.06070 0.3570 0.03898 28.6_ 16,?] 1,00ZbT 1.00959 0.7963

325.1 0.06869 0.3608 0.03700 29.34 1_.1_ 3.002_7 1.00923 0.7866

337.0 0.06866 0.3641 0.035?5 Z9.91 1_.57 0,0030a 1.00890 0.7F81

36B.9 0.06861 0.3670 0.03369 30,q_ 20.07 0.00329 1.00860 0.7707

360.7 0.06856 0.3697 0.0322_ 31.1_ ZO.4_ 9.00_50 1.00837 0.T640

372.4 0.06850 0.3720 0.0310_ 31._2 70.6_ ].00_? _ i. C0506 0.7580

386.1 0.06863 0.3761 0.02986 32._t vl.31 _._039_ 1.0_707 0.75_5

407.3 0.068?7 O.37T? 0,02781 33.7_ ?Z.l_ 3.00_39 1.00738 0.7_31

430.6 0.06809 0.3807 0.0260Z 35.37 27.97 3.00486 1.00699 0.7351

453.4 0.06786 0,3832 0.0Z_16 36,_e ?3.7% 3.00%35 1.00664 0.7281

676.6 0.06760 0.3853 0.02371 37.7] 24.59 J,O058T, 1.00633 0.7220

499,9 0.06728 0.3871 0.02?05 39,_ 25,3_ _.0OFBf /,00605 0.7169

523,5 0,06691 0.3886 0.02100 40,_ 26,14 _,0066_ 1.00580 0,7125

547,5 0.0664? 0,3899 0,0?006 41,/L' 26,93 3,00?42 1,00556 0,7088

571,9 0.06596 0.3910 0.0192P 43.07 27.6_ 0.00797 1.00535 0.7059

895,8 0.06530 0.3920 0.01842 64.4? 28.4_ 3.00853 1.00515 0.7038

6Z?.6 0.0o473 0.3929 0.01770 _5,_, 79.!_ ],0031; 1.00497 0,7014

689,7 0,06278 0,396? 0.01615 69,63 30,9_ 0,01060 1,00656 0,6956

76Z,5 0.0606_ 0,3960 0,01487 53.43 32.7_, 0.01212 1.004_? 0,6968

841.R 0,05783 0.39?0 0.013T_ 57.17 36.45 3.01361 1.00393 0.6091

927.7 0.05509 0.3978 0.01285 61._ 36.1: ].01511 1.00368 0.7058

10_0.4 0,05234 0,3984 0,0120_ 65,_5 37,?_ 0.01685 1,00366 0,7030

1119,2 0.04970 0.3989 0.0113_ 70._7 30.3_ }.01861 1.00326 0.7036

1223.5 0,04724 0.3993 0.01071 75,_0 40.8 _ 0.0Z037 1.00308 0.7060

1332.4 0.04500 0.3996 0.01015 89.67 45.7¢ ].02_6_ 1.00293 0.6897

1789.7 0.03845 0.6006 0.00060 117.0_ 94.05 J.03473 1.00263 0.6939

2230._ 0.03517 0.4008 0.00717 13_.I0 59.1a 0.0442_ 1.00209 0.6958

2614.5 0.03400 0.6010 0.0062_ 141._ 63,00 Q.053_ 1.00182 0.6959

2938.9 0.03604 0.6010 0.00995 195.67 66.L_ 0.0638G 1.00162 0.6949

3218.6 0.03671 0.4010 0.00500 160.75 69.04 0.07411 1.00146 0.6936

3472,3 0.03562 0.6010 0.0045_ 163.4_ 71.69 0.0848_ 1.00133 0.6919

3715.7 0.03656 0,6010 0.00416 166.32 74.2_ 0.0960? 1.001Z1 0.6904

3959,2 C.03739 0.6010 0.00384 169,26 76.6_ _.1076_ 1.00117 0.689?

4Z07.3 0.03807 0._010 0,Q035_ 177.49 ?g.09 3.11974 1.0010_ 0.688Z

4662.2 0.03859 0.4009 0,0033_ 176.05 81.46 3.1377_ 1.000gt 0.68?3

5131.1 0.03935 0,4008 0.00?85 186.? < 87,29 0.16567 1.00083 0.6860

5830,1 0,03965 0,_008 0,00250 i97,_ g_,05 _.20199 1.00073 0.6852

6569,0 0,0397? 0.6007 0.0072_ ?00.5_ 98.?Z J.2412_ 1.00065 0.68_8

7_73.2 0,03973 0.6006 0.00_0J 221,5! 104.36 _.7836_ 1.00058 0,6846

8004,5 0,03069 0,6006 0.00187 233._5 100.03 3,_7853 1.00093 0.684?

8741.0 0,03g67 0.6005 0.00166 245,58 115,43 0.3763_ 1.00049 0,68_0

10735.4 0.03940 0.4005 0.0014] 269.?: 126.25 0,48035 1.000_2 0,683/

11769,3 0.03905 0,400_ 0.00125 29_.13 136.87 0,59_89 1.00036 0,603?

13353.5 0.03858 0.4004 0,00111 319,00 167,14 2,7195_ 1,00037 0.6837

16g65.4 0.03801 0,4003 0.00100 _40.56 157._1 1.09737 1.000Z9 0.5347

18453.b 0.03671 0.4003 0,00083 511.L_ 176.T3 1._8754 1.00074 0.8313

_2161.? 0.03533 C,4007 0,0o_?t 58J,50 195.47 1.glqBZ 1,000ZI 0.57g5

Z6009.3 0.03406 0._002 3.00)6? 657. z_ 713,5_ 2.4034q t,0001_ 0.92?9

30169.3 0.03?70 0,600? 0.0035_ ?3?.6? 231.0_ ?.9437:_ 1.00016 0.524?

3E176.5 0.03082 0.4C00 3.00050 fi44.1_ 248.02 _.5711t 1.00015 C.5160

507_3.? 0.0Z150 0,3076 _.00043 155_,_5 700,30 _.03973 1.00012 0.4_76

133455.3 0.01112 0.38_0 0.00]35 _7_.i_ _37oq" I_._I_7 1._0009 0,3?86
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0.50 HPA ISOBAR

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATJRE VOLUNE 1301HFRM ISOCHORE INTERNAL ENTflALPY ENTROPY CV CP VELOCITY

OERIVJTIVE OERIVATIVE ENERGY OF SOUN0

OEG. K CU M/KG CU N-MFAIKG NPAIK KJ/KG-K KJIKG KJ/KGoK KJ l KG-K M/S

" 13.968 0.01294 1.1940 0.9Z90 -308,? -302.3 4.9?8 4.70 6.39 1274

14 0.01Z94 1.2053 0.9789 -308.5 -302.0 4.994 ;.70 6,38 1279

15 0.01308 1.1819 0.92;6 -302.0 -295,k 5.451 4.91 6.93 1237

16 0.013Z3 1.0134 0.9058 -294.9 -Z88.3 5.913 5.10 T,37 1Z10

17 0.01339 0.9559 0.8908 -287,4 *280,? 6,370 5.28 7.81 1189

18 0.01356 0.892? 0.8?59 -279.4 -ZTZ.? 6.832 5.45 8.29 1166

19 0,01375 0.829_ _.8607 -271,0 -26_.1 T.Z94 5.60 8.81 1142

20 0.01396 0.7653 0.8436 -Z6Z.O -ZSS.0 ?.760 5.73 9.35 1118

21 0.01419 0.6968 0.8246 -Z5Z.4 -245.3 8.231 5,8W 9,96 1040

2Z 0.01444 0._323 0.8035 -2_2.3 -Z35.1 8.T09 5.94 10.62 1063

23 O.O$0TZ 0.56;? 0.?790 -Z31.4 -224.1 9,198 6,02 11.37 1033

24 0.0150_ 0.4952 0.7500 -219.8 -212.3 9.700 6.08 12.25 998

25 0.01541 0.4251 0.7150 -207.3 -199.6 10.219 6.14 13.29 959

26 0.01584 0.3527 0,6746 -193.5 -165.6 18.766 6,19 14.61 912

27 0.01638 0,2743 0,6263 -178._ -170.Z 11.348 6.25 16.43 856

27.11_ 0.01045 0.272; 0.6200 -176.4 -168.2 11.;Z1 6.26 16.62 850

• Z?,11b 0.16Z98 0.0528 0.0296 119.0 Z00.5 25.025 ?,00 18.92 378

28 0.17542 0.0614 0.0270 128.6 Z16.3 25,600 6.84 17,03 391

Z9 0.18839 0.0701 0.02_? 138.; 232.6 26.172 6.72 15.69 405

30 0,20054 0.0780 0.0229 147.5 2;7.0 26.606 6.64 14.78 417

31 0.21Z10 0.0854 0.0215 106.2 262.Z 27,161 6.58 14.12 428

32 0.22323 0.0923 0.0203 164.5 276,1 27.601 6.53 13,62 439

33 O*Z3;OI 0.0588 0.0192 172.5 289,6 28.015 6,50 13.23 449

3_ 0.24452 0.1051 0.0183 180.; 302.6 28,;05 6.15 12.90 kS8

35 0.Z5480 0.1112 0.01?4 188,0 315.4 28.775 6.42 12*64 408

36 0*26484 0.1171 0.0167 195.5 3Z7*9 29.128 6.40 12.42 ;77

37 0*27182 0.1229 0,0160 202,8 340.2 29.465 6.38 12.23 485

38 0.Z8462 0.1285 0.0154 210.1 352*4 29.789 6.36 12.07 494

39 0.29;30 0.1340 0,0149 217.2 384°4 30.101 6o33 11.94 502

;0 0.30387 0,1394 0.0144 224,3 376.2 30.;02 6.3_ 11.62 510

42 0.32275 0.1500 0.0135 Z38.8 399.7 30.973 6.33 11.63 $25

44 0.34133 0.1603 0.0127 202.1 422.8 31.511 6,32 11.47 s3g

46 0.35967 0.1703 0.0120 265.8 445.6 32.018 6.32 11.36 553

48 0.37782 0.1802 0.0114 279.3 460.2 32.499 6.33 LL,Z7 Y66

50 0.39579 0.1899 0.0108 292.6 490.? 3Z.gS8 6.3; 11.20 STq

52 0.41363 0.1994 0.0104 306.2 S13.0 33.396 6.37 11.15 591

54 0.43134 0.2089 O.OOgg 819.6 535.3 33,816 6.40 11.12 603

$6 0.;4894 0.2182 0.0095 333.1 5S7.5 84.221 6,44 11.11 614

58 0.46645 0.2275 0.0091 346.5 579.8 34.610 6,;8 11.11 624

60 0.48388 0.2366 0.0088 360.1 602.0 34.987 6.04 12.12 634

65 0.52716 0.2593 0.0080 394.3 657.8 35.881 6.72 15.23 658

70 0,57050 0.2616 0.0074 429.k 714.4 36,720 6.97 11.41 679

75 0.61279 0.3036 0.0069 465.7 772.1 37.515 7.27 11.66 698

80 0,65527 0.3254 0.0064 503.5 832.1 38,277 7*62 11.97 715

85 0.69759 0.3471 0.0060 563.1 891*9 39.014 8.00 12.33 731

g0 0.73977 0.3687 0.0057 584.6 954*5 39,730 8.42 12.72 746

gS 0,78185 0,3901 0.0054 628.2 1019.2 40.42g 8.85 13.13 761

100 0.82363 0.4115 0.0051 674.0 1085,9 41.113 9,ZB 13.55 775

LZ0 0.99107 0,4962 0.0042 877.0 1372.6 43,721 10.8_ 15.05 830

L;O 1,15760 0*5802 0.0036 1105,5 1664.3 46.121 11,83 16.02 886

160 1.32371 0.8638 0.0031 1347.4 2009.2 48.290 12.22 16.39 944

180 1.48953 0.7472 0.00Z8 1592.4 2337.2 $0.2Z2 12.19 16.35 1001

200 1.65516 0.8303 0.0025 1834.; 2662.0 51.932 11.95 16.10 1058

220 1.82065 0.9133 0,0023 2070.5 2988.8 53*452 11.64 15.78 1113

240 1.98605 0.9962 0.0021 2300.3 3293.3 54,812 11.33 15.47 1166

260 2.15136 1.0790 0.0019 2524.5 3600.2 56.040 11.08 15.22 1217

280 2.31662 1,1618 0.0018 2744.0 3902.; S?,lGO 10.87 15.01 1266

300 2._8169 1.2445 0.0017 2960.2 4201.0 58,191 10.72 14.86 1313

350 2.8qw53 1.4511 0.0014 3490.W 4937.? 68,461 10.51 14.64 14Z2

;00 3.30723 1.6576 0.0013 4013.6 5667.3 62.411 10.43 14.56 1521

450 3.7L985 1.8640 0.0011 4534.1 6394,0 64.124 10,41 14.53 1613

500 4.13242 2.0703 0.0010 5054.5 7120.7 65.654 10,;0 14.53 1701

550 4.5W495 2.2767 o.ogog 557k.6 ?847.0 67.038 10,41 14.54 1783

600 4.95746 _.4830 0.0006 6095.6 8574*3 68,302 10.43 14.55 1662

700 5.78242 2.8955 0.0007 7140.6 10031.8 70.550 10.48 14.61 2009

800 6.6073_ 3.3080 0.0006 8193.1 1149608 72.505 10.57 14.70 2144

900 7.43224 3.7205 0.0006 9256.5 12972.6 74.2;2 10,70 14.82 2270

16_0 8.25712 _.1330 0.0005 10333.8 14462.3 75.814 10.86 14,96 2388

1200 9.90685 4.9578 0.0004 12544.0 17497,5 78.568 11.24 15.37 2603

1400 11.55656 5.7827 0.0004 14836.8 20615.1 80.9?5 11.68 15,81 Z797

1600 13.20641 &.&CT& 0.0003 17217.1 23820.3 83.002 12.12 16,24 2976

1800 14.45713 _.4324 0.0003 19693.5 27122.1 84,998 12,00 16,74 3142

ZOO0 $6.51165 8.2573 0.0003 Z2207,0 30552,8 86,871 13,33 17,50 3292

2500 20.74647 10.3194 0.0002 30075.8 40449.0 93.612 18,71 23.37 3590

3000 25.63286 12.3815 0.0002 _3457.1 56353,6 102.715 36,04 W3.31 3853
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0.50 MPA ISOBAR

TMERMOOYNAMIC PROPERTIES OF PARAHYDROGEN C-2

TEHPERATURE OENSITY V(OHIDV_ V(0PIDU_ -V(0PIOV) T -(DV/DT_/V THERMAL VISCOSITY tHERMAL DIELECTRIC PRANOTL
-- CONDUCTIffITY OIFFUSIVITY CONSTANT NUMBER

OEG, K KGICU N KJ/KG MPA-CU M/KJ MPA I/DEG, K WIK-H KGIM*S _Q M/MR

X 102 x 103 x tO ?

t 13,960 77.295T 63;.5 0.25586 92.2931 0.01007 73.66 257.88 3.0005_ 1*25256 2.2061

14 77,2625 639,9 0.25557 93.1235 0.00998 7_.98 256,56 0,00055 1.252_; 2.18_2

lS 76.4616 620._ 0.2_6_7 82, T270 0.01118 03,62 225,7t 0.00057 1.Z_962 1.0716

16 75.5862 623,1 0.23499 76,6271 0,0110Z 89.63 200.85 ).00058 1,24655 1*6506

1? 7_.66T6 b26.0 0.22585 71,5910 0.012_3 93.65 161,0_ 0,00058 1.2_5_0 1.5099

10 73.1238 623,1 0.21012 65.8110 0,01331 96.4? 164,50 0.00057 1.24005 1.4140

19 72.7116 617.0 0,21155 60,3150 0.01427 98.15 150,63 3.00055 1.206_9 1,5513

ZO 71*6412 bCT*7 0*Z0563 53.8242 0.01539 97,63 130*76 _.00054 1.23Z76 1,30ZZ

21 70.3941 593.6 0.20030 39.1229 0.016T9 101,52 128.35 0.00052 1.22877 1,Z6Z1

ZZ 89.ZTtl 578.8 0.19535 33. T989 0.01534 102.25 119.13 0.00050 1,22_52 1.2372

23 67,9460 560.1 0.19052 50,3717 0,02030 102.47 110,79 0.000_8 1,21993 1.2293

24 66.5013 537.8 0.18538 32,9286 0.02270 102.02 103.11 2.000_5 1.21q9_ 1.2379

Z$ 6_.911Z 512.3 0.17963 27.5905 0.0Z59_ 100.93 95.91 0,000_2 1.?09k6 1.2629

26 63.1155 402,Z 0,17265 22.262k 0.03030 99.09 08.90 0.0003_ 1.20350 1.3120

ZT 61.0558 437.Z 0,1630Z 17,0512 0.03673 96.50 82.17 0.00035 1.19625 1.3988

• 2T,116 60.7811 wk3,9 0,1&287 16.5596 0.03744 95.11 01.35 0.00054 1.19551 1.4064

• Z7.11_ 6.1386 ZCT.3 0.0687; 0.32;0 0,09123 27.65 16,10 0,00066 1.01862 1,1024

ZB 5.7006 221.3 0.06912 0.3503 0,07695 27,33 16,k4 0.00101 1.01TZB 1.0239

29 5.3002 Z36.3 0.06929 0.3723 0.06639 21.35 16.04 0.00118 1.01609 0.9656

30 ;.9066 250.6 0.06951 0.3891 0,0569T 27.50 17,21 3.00135 1.0151I 0.92;6

31 ;,7147 26k.5 0.06927 0.;024 0.05340 27.99 17.67 0,00151 1.01320 0.8910

3Z ;,;T97 278,0 0.06922 0.;133 0.03901 20.36 18.10 0.00168 1.01356 O.BEB_

33 4.2T33 291,2 0.06912 0.3223 0,03543 28.97 18.53 0.0010_ 1.01293 0.8361

34 4,069? 303,8 0,05918 0,4300 0.0424T 29.50 18,96 0.00201 1,01256 0,8290

33 3,9247 316,3 0.06919 0.3355 0.03995 30.06 19.58 0.0021_ 1.01168 0,8148

36 3.7752 328.6 0.06918 0.;322 0.03773 30.63 19.81 0.00235 1,011_2 O,60ZB

3_ 3.6387 3;0.9 0,06913 0,;371 0,03505 31.Z2 20,23 ),00255 1,01101 0,?925

38 3.5135 353.0 0.06908 0.4515 0.03420 31.83 Z0,66 O,O02TO 1.01065 0,7635

39 3,3979 36_.1 0,06901 0.3554 0.03270 32.4_ 21.08 0.00288 1.01028 0,7755

40 3.2909 377.1 0.0609; 0.k506 0.0313_ 33.06 21._9 0.00306 1.00995 0.768k

4Z 3.0983 40&.8 0,06876 0.4637 0.02900 34.3t 22.32 0.00333 1o00937 0,7563

44 Z,9Z�T 423,5 0.0685; 0._696 0.02703 35.58 23.13 0.00381 1.00885 0.7;62

46 Z.7_03 448.0 0,06030 0.3736 0.02535 36.87 23,95 0.00_20 1,00840 0.7377

48 2*b360 371,6 0.06001 0.;r69 0.02309 38.17 23.73 0.00361 1.00800 0.730;

SO 2,5286 495.3 0.0676T 0,4797 0,02261 39°;8 25,53 0.00502 1,00765 0.7Z;1

SZ Z*41Y6 519.2 0.06728 0.4822 0,02138 ;0.80 26*30 S.005_5 1.00730 0,7169

$4 2.3184 543.; 0.06682 0.4833 0.020;6 42,12 27.07 0.00580 1.00T00 0.71_6

36 2.2275 560,1 0.06629 0.4561 0,01955 43,46 27.82 0.00632 1,00673 0.7110

50 2*1430 593.2 0.06570 0*4876 0.01872 44.T9 28.56 O.OOBT? L*00647 0,7004

60 2,0666 619.0 0.06503 0.4890 0.01797 46.20 29.30 0,00723 1.006Z4 0.7055

6S 1.3970 666,7 0,06306 0.3918 0.01635 49,93 31.10 0.00843 1,00573 0.6908

70 1.7541 759,9 0,06069 0,4939 0,01582 53,73 32.89 0°00967 1,00529 0,6974

?§ 1.6319 039.3 0,05805 0.499; 0.01389 5T.34 33.53 3.01086 1,00_93 0,_013

60 1,5261 925.S 0.05529 0.4967 0.01293 61.Z8 36.19 0,01207 1.00461 0,7073

85 1.4335 1018.3 0.05252 0,3976 0,01211 66,19 57.81 0,01348 1.00433 0.7034

gO 1.3S18 1117.3 0.03906 0,4904 0,01139 71.11 39.39 OoOI;BB 1,00305 0,7038

gS 1,2T90 1221.7 0,03730 0.3990 0.01075 76.03 ;0.93 _.01629 1.00386 O,TOYO

100 1.2130 1330.7 0.0k511 0.3995 0.01010 89.72 35.75 0,01963 1,00366 0.6909

120 1.0090 1788.6 0.0385; 0,5007 0,00842 117.09 54.04 0.02TT5 1.00304 0.69;8

140 0.6639 2230.1 0.0352; 0,5012 O.OOTIB 136.09 59.17 0.03531 1.0026t 0.6913

160 0.7555 2614.9 0.03406 0.5015 0.0062_ 138.26 63.00 0.04311 1.00228 0.696;

160 0,6714 2939.7 0.03309 0.5016 0.00556 195,60 66.19 0.05105 1.00202 0,6953

ZOO 0*6042 3219,9 0.0347S 0,5016 0.00500 1_0.27 69,05 0.05931 1,00162 0,6937

ZZO 0,5393 3_73.9 0.03566 0.5016 0.00454 163.51 71.70 0,06790 1,00166 0.6921

248 0.5039 3717,5 0.03659 0.5016 0.00316 166.35 r;,Z_ 0°07606 1,00152 0,6906

260 0.3646 3961.1 0.037;2 0,5016 0,0038_ 169.29 76.69 0.08617 1.00130 0.6893

260 0.3317 4209.5 0.03810 0,501S 0,00357 172,53 79.10 0.09585 1.00130 0,6863

300 0,;030 ;363,5 0.03062 0,5019 0,00333 178,10 BI._B 0.10569 1,00121 0.607;

350 0.3;55 5133,6 0,03930 0,5013 0.00285 186.35 87.32 0.13263 1.00104 0.6060

400 0,3024 5832.7 0,03967 0.5012 0,00210 197,69 93.07 0.16171 1.00091 0.6853

450 0.2668 6551.7 0.03973 0.5011 O*OOZZ2 209.61 96,76 0.1931_ 1*00001 0.6648

see 0.2420 7276.0 0.03974 0.5010 0.00200 221.59 103,39 0.22691 1.000_3 0,6843

SSO 0*2200 8007.3 0.03970 0.5009 0.00182 233.63 109.96 0.26298 1.00066 0.6642

_00 0.2017 0733,9 0,03963 0,5009 0.00166 245,67 115.37 0,30131 1.00061 0,66;0

700 0,1729 IOZ3B,k 0.03941 0.5007 0.00133 269,_2 126,30 _.30354 1.0005_ 0.683?

800 B.1513 11772._ 0,03906 0.5007 0*00125 293.26 136.87 0._7623 1.00046 0.683_

900 0,1335 13356.6 0*03059 0,5006 0,00111 319,t; 147,20 0.57601 1,B0031 0.6837

1000 0,1211 14990,5 O,03$BZ 0,5009 0*00100 ;_0,56 197.20 0.07305 1.00036 0.53;9

$200 0.1009 18456,9 0.036?2 O,SO0; 0,00003 511,14 176,61 1.18624 1.00030 0.5316

1400 0.0665 22139,5 0,03533 0,5004 0,00071 503.48 195.56 1,53583 1.00026 0.529?

li00 0,0?5? 2600?,4 0,03;06 0,5003 0.00062 656.9? 213.63 1,92282 1.00023 0,9282

1600 0,06T3 30130,9 0,032?5 0.5003 0,00056 ?36,42 231.13 2.353;2 1.00020 0.9?53

ZOO0 0.0606 33990.9 B.03097 0.5001 0.00050 039,11 238.13 2.050?5 1.00018 0.5174

ZSO0 0,0402 $0129.2 0,02210 0,497; 0.00030 1493.02 289.4; 4.7708; 1.00019 0.3531

3000 0,0390 lZS516.5 0,01105 O.kB30 0.00035 3780.3_ 333.43 8.05_8_ 1.00012 0.38Z0

;'89
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Jl

C-L

Q.bO HPA IS09AR

]EMPERATUNE gOLUME

DEG. K Cu _/KG

* 14.001 0.01293

15 0.01336

16 0.01321

12 0.01337

18 0.013S4

19 0.61373

ZO 0.01393

21 0.01416

27 O.01WwO

23 0.01468

24 0*01_99

25 0.01515

26 0.01577

27 0.01629

28 0.01694

" 28.125 0.u1704

* 28.12J 0.13376

29 0°14530

30 0.19699

31 0.16776

32 0.17792

33 0.18761

3_ 6.19695

35 0.2060Z

36 0.21486

37 0.22352

38 6.23202

39 0.24038

40 0.24864

_Z 0.26k85

46 0.28074

46 0.29637

_8 0.31179

50 0.32704

52 0.3_214

5_ 0.3571Z

56 0.37198

58 0.38675

60 0.40143

65 0._3754

?Q 0.k7391

T5 0.509?2

80 0,54533

85 0.58077

90 0,61608

95 0.65128

100 0.68639

120 0.82612

140 0.96515

160 1.10375

180 1.Z_207

Z00 1.38020

220 1.51020

Z_O 1.65609

260 1.79391

280 1.93167

300 2.06928

35O Z,_1338

_00 2.7573_

_50 3.1012Z

500 3._W506

550 3.78885

600 _.13262

700 _,82011

800 5.50756

900 6.19_99

1000 6,88239

1200 8.Z5718

1400 9.63195

1600 11.00681

1800 12,38234

2000 13.76076

2500 17.28176

3000 21,29856

• TWO-PHASE 80UNOAR¥

ISOI.ERM

OE_IVATIVE

CU M-M_:A/KG

1.2078

1.0920

1.03ZI

0.9660

G 9GZ?

0 83_8

0 7755

0 71C7

0 6k2_

0 _760

O 50_2

0._376

0,3625

0,Z_33

O.ZS1E

_.2189

0.047?

0.0570

0,0666

0.C752

0.0831

0.0905

0.097_

0.10_1

Q,1104

0,11_6

0.1226

0.1285

0.1342

0,1h53

0.1560

0.166_

0.1767

0.18_7

0.19E5

O.ZG62

0.?158

0.2252

0.23_6

0,_576

0.2862

0.3025

0.32W5

0.34_5

3.3b82

0.3899

0.4113

0._965

0.5808

0.66_6

0.7481

0.8314

0.9185

0.9975

1.080_

1.1632

1.2459

1._526

1.659Z

1.8656

2.0720

?.2783

_.48_7

_.8972

3.309?

].7222

k.1347

_.95qb

5.7845

6.60_-

8.25_:

10.3212

12.3_33

T_ERMO3YNAHIC PROPERTIES OF PARAHYOROGEN

[SOCHOR[ INTERNAL ENTHALPY ENTROPY CV

DERIVATIVE ENERGY

MPA/K KJIKG-K KJ/KG KJ/KG-K KJ

0.9302 -308.7 -30_.9 W.980 W.70

0.9201 -302.2 -294.3 S,_3T 4.90

0.9095 -Z95,2 -287.2 5.894 _.10

0.8938 -Z87.7 -279.? 6.35_ 5._8

0.879_ -279.7 -271.6 6.81k 5._4

0.8638 -271.3 -26_.1 7.275 5.59

C.8_68 -262.N -254.0 7.739 5.72

0.828_ -252.9 -244._ 8._07 5.84

C.8"_=_9 -24Z.8 -23_.? 8.683 5.93

0.7829 -232.1 -2?$.] 9.168 6.01

0.75_5 -2_0.6 -711.6 9.666 6.08

C./Z11 -20B,2 -199.0 10.180 6.14

0.6813 -19_.7 -189.3 10.719 6,19

0.63_6 -179.9 -170.1 11.291 6.25

0.5810 -163.1 o152.9 11.916 6.32

0,5735 -16_.8 -153.6 11.999 6.3k

0.0369 Ilb. S 195._ 24.3?_ 7.13

0.0332 126.3 213.5 24.9_I 6.95

0.0302 137.1 231.3 ?5.545 6.81

0.0279 lk6.9 ?47.6 26.079 6.71

0.0260 I_6.1 262.8 _6,564 6.6W

0.02k_ 164.9 277.4 27.013 6.$9

0.0231 173.2 291,_ 27.430 6.53

0,0219 181.3 305.0 21.823 6.48

0,0709 189.2 318.1 28,194 6.45

6,6200 196.9 331._ 28.548 6._?

0.0192 204.5 343,? 28.885 6.40

0.0185 211.9 356.1 29.209 6.38

0.0178 219.2 368,_ 29.5_0 6.37

0.0166 233.7 392.6 30.109 6.35

0.0156 247.8 _16.3 30.660 6.3_

0.01h7 261,8 439.6 31.178 6.34

0.0139 275.6 _62.7 31.669 6.35

_.OiIZ 289.3 489._ 32.135 6.36

0.01?6 30Z.9 508,2 3Z.580 6.38

0.0121 316.5 530._ 33.006 6.41

0.0115 330.1 553.3 33.416 6.45

6,0111 363.7 575.7 33.810 6.49

0.0107 357.3 598.2 34.190 6.55

0.0097 391.8 654.5 35.092 6.73

0.0090 427.1 711.5 35.936 6.97

0.0083 _63.6 769,5 36.736 7.27

6.0078 501.6 828._ 37.502 7.6Z

0.00?3 5_1.4 889._ 38.2W2 8,01

0.0068 583.0 952.7 38.960 8.42

0,0065 626.7 1017.5 39.661 8.85

0.0061 67Z.5 1084,_ k0.347 9.29

0,0051 875.9 1371.8 42.959 10.6_

0.0043 1104.6 1683.7 45.36Z 11.83

0,0038 13h6.6 2008.9 W7.5]3 1_.?Z

0.0034 1591.8 2337.0 W9.466 12.19

Q.0030 1833.8 2661.9 51.177 11.95

0.0027 Z016o0 2980.9 52.698 11.64

0.0025 2299,9 3293.5 54.058 11.33

0.0023 2524.1 3600.4 55.286 11.08

0.00?1 27k3,7 3907.7 56.407 10.88

O.OO?O ?959.9 4ZOt._ 51.438 10.7_

0.0017 3490.? 4938.2 59.708 10.51

0.0015 h013.5 5667,9 61.658 10._3

&.0013 4533.9 6394.6 63,371 10.kl

0,0012 505_.4 7121._ 64.901 10.q0

0,00_1 5574.b 28k7*8 66.286 10.21

0.0010 6095.5 8575.1 67.550 10.43

0.0009 71_0.5 10032._ 69,798 10.48

0.0008 8193,1 11497°6 71.753 10.57

C.0007 9256.5 1297].5 73.490 10.70

0.0006 10333.7 lk_63,2 75,067 10.86

0.0005 _75_4.0 17498.3 77.816 11.24

0.0004 14836.8 20615.9 80.223 11.68

C.000_ 172"16,9 _3_?1.0 82,339 12.12

0.0003 19692.0 27121,_ 84.245 1?.59

0.0003 ??Z90.0 30546.5 86.115 13,78

O.O00Z 29969.2 40338.Z 92.811 18._7

0.000? 4Z830.8 55610.0 101.702 34.18

L :._q}

CP

/ K3-K

6.38

6.9?

T.33

7.79

8.27

8.77

9.31

9.90

10.56

11.29

I_.1_

13.14

14,38

16.08

18.56

18.60

21.64

18.80

16.93

15.73

14.88

1_.25

13.7_

13.35

13.03

12.77

12.55

1Z.36

1Z.20

11.95

11.75

11.59

11.47

11.38

11.31

11.27

11.24

11,73

11.23

11.31

11.48

11.72

17.03

12.38

12,76

13.17

13.58

15.07

t6.03

16.40

16.36

16,11

15.79

15,48

15.22

15,01

14.86

14.64

1_.56

14.53

14.53

14.5k

1_.55

14.61

1_.70

14.82

14.98

15.37

15.81

16.?_

16.72

17._5

Z2.88

W1.1_

VELOCITY

OF SOUND

1280

1242

1219

1194

1171

1148

11Z3

1098

1069

1040

I007

968

9Z3

869

807

802

378

393

407

WZO

431

442

_53

463

47_

482

490

499

507

523

530

565

578

59O

60Z

613

624

634

658

679

698

716

732

761

776

831

887

945

1002

1059

1114

1167

1218

1267

1314

1_23

1522

161k

1701

1784

1862

2009

2145

?271

2389

Z604

2798

Z977

3142

3293

3595

3857

P
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0.60 HPA ISOBAR

THERHODYNAMIC PROPERTIES 0; PARAHYOROGEN C-2

TEHPERATJRE OENSIIV V(OH/OVIp VIDP/DU) V -VtDP/OV_ -(oelDr_v THERHAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTI#ITY OIPFUSIVIT¥ CONSTAN! NUHBER

OEG. K KG/CU H KJ/KG HPA-CU M/KJ MPA X/DEG. K W/K-_ KGIM:S SQ M/H _
X 102 X 10 _ X I0'

1W.001 77.35zg 640,6 0.Z5573 93.4243 O,00gg6 75.07 258,50 0.00055 1.25Z/6 Z.lg63

15 76.5604 6_3.6 0.24723 83,50t9 3.01113 83,73 227.26 3.00057 1.2h904 1.8/90

16 Z_.?O2Z 630.0 0,Z3579 78,134q _.0116_ 89,_1 ZOZ,51 0.0005_ 1.24695 1.653k

17 74,7902 620.I 0,22649 72,2485 0.01237 qR._ 187.26 0.0005_ 1.24376 1.5130

18 /3.83kS 627.0 0.21873 66,BW72 0.0101_ 96.71 165,61 0.D0057 1.2R0_% 1,_160

Ig 72.0306 621,3 0.2121Z 61.1633 0.0141Z 90._I 151.65 3.00055 1.z36g[ 1,3522

20 71.7697 612.1 0,Z0621 55.6607 3.01521 99.92 139,71 _.OOOSw 1.23321 1,3020

21 70.6402 600,0 0.20087 50.2035 _.01649 101.66 X29.29 0.00052 1.22026 1.2585

2Z 69.4266 583.9 0.1_588 _.6299 0,01808 102.62 120,02 3.00050 1.22506 1,23_5

23 66.1216 565,8 0.19108 39.2410 0.01_05 lOZ._g 111.66 3.00048 1.ZZ05_ 1,2249

Z_ 66.7023 54_.7 0.16601 33.8976 0,022Z6 102.51 103,99 0.000_6 1.21563 1.2298

25 65.1_05 519.3 0.180W0 28.5044 0.025]0 101.48 gh.80 0.000_3 1.21025 1,2531

26 63.3921 490°4 0.17372 23.2325 0.029]] 96.75 80.93 0.00039 1,204_ I.ZgE?

27 61.3956 _56.6 0,165_6 18.0098 0.0352_ 97.28 80.10 3.00035 1.19741 1,3751

28 59.0308 417.9 0.15564 13.0801 0.04_42 93.92 76.36 0.00031 1.18935 1,5092

* 28,12] 58.69?5 _16.7 0.15_Z2 1Z.8515 0.04_62 g3,_Z 75.48 3.G0C31 i,18_21 1.5024

28.123 T.4761 2_7.G 0.06917 0,3528 0.I045_ 30.Z? I?.01 _.00067 1.0Z271 1.Z160

26 6.8825 222.0 0.06051 O,3gZ$ 0.08467 29,46 17.28 _.00082 1.02080 1.1027

30 6.3?00 238,0 0.0696_ 0.4245 0.07115 29.18 17.&4 3.00097 1.01933 1.0232

31 S.9608 253.0 0.06965 0,w_84 3.06216 29.32 1_,02 3.0011] 1,0180_ 0,9_62

32 5,6207 267,_ 0.06962 0,_671 _.05565 29.62 18.41 0.0012_ 1.0170_ 0.0249

33 S.3_01 ZPI.3 0.06951 0,4822 0.0606_ 30,00 18,81 0.00142 1.01615 0.8935

3W 5.0773 294,5 0.06964 0,_946 0,04667 30.43 19.22 0.00157 1.0t538 0.0682

35 4,8539 3_7.4 0.06970 0,5051 0.04342 30.91 19.63 0.00172 1.01470 0.8479

36 4.6542 320,2 0.06970 0,_1_0 0.0_069 31.43 20.05 0.00187 1.01_09 0.8312

37 k.4?39 33_,g 0.06967 O.SZI? 0.03_36 31.07 20,_6 0.00701 1.0135S 0.8172

38 _.3100 3_5.4 0.06962 0.5285 0.0363_ 32.53 Z0.87 3.00216 1.01305 0.8053

30 4,16G0 357.8 0.06954 0.53_4 0,03455 33.10 2].26 0.00_32 1.01259 0.79_9

_0 4,0220 370,_ 0.06046 0,5397 0,03297 33.69 21,69 0.00247 1.0121_ 0.7857

42 3,7758 3_,5 0.06926 0.5_86 0,0]026 3_,69 22,51 3°00279 1.01142 0.?705

4_ 3.6621 418.7 0.06902 0.5558 0.02806 36.1_ 23.31 0°00311 1,01077 0,7581

_6 3.3742 4_2,? 0,0687_ 0,5617 0.02619 37.38 24.11 0.003_ 1.01020 0,?_T8

_ 3.2072 4_6.7 0,068_3 0.5667 0.02_5_ 38.65 2_,90 _.0037_ 1.00970 0.7391

50 3.0577 490,_ 0.0680/ 0.5708 0.02319 39.93 25.67 3.00_17 1,00024 0.7317

52 2.9228 515.0 0,06766 0°57_ 0.02197 _1.23 26.44 0.00_4_ 1.0088_ 0.7256

5_ 2.8002 53_,5 0,06716 0.57?4 0,02088 _Z.53 27._0 0,0048_ 1,0084_ 0°?204

5b 2,b883 56_._ 0.06663 0.5800 0.01991 _3._5 _7.95 0.0052] 1.00812 0,7162

56 2.5867 560,8 0.06602 0.5823 O.otg04 45,17 28.69 0.00563 1.00781 0.7130

60 2._911 615.7 0.06534 0,58R3 O.OtBZk _6.56 29.42 0.00599 1.00753 0,?096

65 2.2839 683._ 0.06333 0.5883 0.01655 50.29 31.21 0.00701 1.00690 0.7020

70 Z.1101 ?57.3 0,0609_ 0.5913 _.01516 5w,0_ 32,9_ 0,00803 1.0063? O.Bggg

?5 1.g61B 837._ 0.05628 0.5935 0.01401 57.71 34.63 0.0090] 1.00592 0.?036

60 1.8338 923.3 0.055_g 0.5953 0.01_03 61,5k 36.28 0.01005 1.00554 0.7091

66 1.7219 1016.3 0.052?0 0.5966 0.01218 66.44 37.89 0.01122 1,00520 0.7059

90 1.6232 1t15.4 0.06002 0.59?7 0.0114_ 71.]5 39,46 0.012_0 1.00_90 0.7059

95 1.5354 1220.0 0.0_753 0.5986 0.01070 76.26 41._0 0,01358 1°00_6] 0.?080

100 1.4569 1329.1 0.0_526 0.5993 0.0t022 89.?? 45.76 0.0163] 1o00446 0,6922

120 1.2105 1787.9 0.03862 0.6010 O.O08k] 117.09 56.03 0.02310 1.00365 0.6957

1_0 1,0561 2229.8 0.03530 Q.6016 3.00719 136.08 59.17 0.029_9 1.00313 0.6971

160 0,90_0 2615.2 0.03_11 0.6022 0.00627 148.28 63.00 0.03592 1.00273 0.6968

180 0.8651 29_0.b 0.03414 0.6023 0.00_56 155.69 66.?0 0.04255 1.002_3 0,6956

Z00 0.7245 3221.1 0.03479 0.602R 0.0050_ 160.29 69.05 0.0494_ 1.0021_ 0.69_0

220 0.6587 3q75.5 0.03570 0.602q 0.0045_ 163.56 71.71 0.05661 1.00199 0,69_3

240 0,6038 3719.3 0.03663 0.6023 0.00_16 166.38 7_,25 0.06_0R 1.00102 0.6908

260 0.567_ 3963.1 0.03746 0.6022 0.00184 169.33 76,71 0.07185 1,00168 0.6895

280 0.5177 4211.6 0.03813 0.6022 _.00357 172.$7 79.12 _.07993 1,00156 0.688_

300 0.4833 _466.8 0.03865 0.6021 0.00333 I76.14 81._9 0,08_30 1.001_6 0.68?5

350 0.414_ 51_6.1 0.039_0 0.6010 0.00285 186,_0 87,34 0.11060 1.00125 0.6861

_00 0.3627 $835,3 0.039?0 0.6017 0.002_ 197,75 93.10 0.13_85 1.00109 0.6853

450 0.322_ 6554,5 0.03976 0.6016 0.00222 209,68 gB.?g 0.I6106 1.00097 0.68_

500 0,2903 ?278,8 0.03076 0.601_ 0.002Q0 221,66 10_,_3 _,1R922 1.000_? 0,66_

550 0.26]9 8010.2 Q,03972 0,6013 0.00181 233.72 110o00 _.21031 1.00080 0.6842

600 0,2_20 6746,8 0,03965 0.6012 0,00166 245.76 115.51 0.2512/ 1.0007] 0,68_0

700 0,2025 IOZkl.R 0,C]9_2 0.6011 0.00143 269._3 126,35 0.32067 1.0006] 0.6837

600 0.1_16 11775,4 0*03907 0.6009 0.00125 29_.38 136,03 0._0717 1.00055 0,663?

900 0.1614 13359,7 0.03860 0,6008 O.O0%tl 319,27 147.26 0._8032 l. O0040 0,6837

1000 0.1453 15061.7 0.03803 0.6008 0._0100 440.56 157.35 0.7285_ 1.000_ 0.5351

1200 0.1211 18460.1 0.0_672 Q.6006 0.0005_ 551.13 176.80 0.96_70 1.00036 0.531_

1_00 0,1038 221_?,5 0.03534 0,6006 0.00071 583,_6 195,65 1o2_D0_ 1,00031 0,5300

1600 0.0909 26006.8 0.03407 0.6005 0.00062 656._1 213.74 1.60_ _ 1.00027 0,5285

1800 0.0808 30120.9 0.03279 0.600k 0.00056 ?35.50 231.25 1.06050 1,0002_ 0,5_5_

Z000 0o0727 34005,7 0.03108 0.6002 0.00053 _35,37 248*26 Zo3718_ 1,00022 0,5185

2500 0°0579 56937.1 0,02271 0,5070 0,00040 1447o69 z0g,52 ].93639 1,00017 Q.4576

3000 0,04?0 119600.Z 0°01246 0.5814 0,0003_ 355_._2 333,10 6.53139 t,0001_ 0.3851
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i

C-Z

O.TO MPA ISOBAR

THFRMOOYNAMIC PROPERTIES O_ PARAHYOROGEN

TEMPERATURE VOLUME ISOTME_M ISOCHORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERIVAIIVE DERIVATINE ENERGY OF SOUNO

DEG. K CU M/KG CU M-MFAIKG MPAIK KJIKG-K KJIKG KJIKG-K KJ l KG-K q/S

• 14.034 0.01292 1.21_5 0.9313 -308,7 -29@.6 W.983 W.71 6,38 1283

15 0.01305 1.1212 0.930? -302.4 -Zq].Z 5.4B3 4.90 6.88 I254

Ib 0.01319 1.C_26 0.9125 -295._ -286,2 5.819 5.0_ 7.32 1Z2k

17 0.01335 0.9761 0.8968 -287.9 -278.6 6.338 5.2? 7.77 1199

18 0.01352 0.9125 0.8820 -200.0 -2?0.6 6.796 5.44 8,ZW 1176

19 0.01371 0.8_G0 0.0668 o271.7 -262.1 ?.256 5.59 0.?4 1153

20 O.013gX 0.18_7 0.8500 -26Z.0 -Z53.1 7.710 5.72 9.28 1129

21 0.01413 0.7213 0.8313 =253.4 -Z43.5 8.184 5.8] 9.85 1104

22 0.01437 0.6554 0.810_ -243.4 -233.; 8.65? 5.93 10.48 1076

23 0.01464 0.5871 0.7866 -232.7 -222.5 9.139 6.01 11.21 10_6

2_ 0.01495 0.52C0 0.7588 -221.k °210.q 9.613 6.08 12.0_ 1014

25 0.01530 O.kk9e 0.7262 -209.1 -198._ 1B.142 6.13 13.00 916

26 0,01571 0.3816 0.6878 -195.9 -184.9 10.673 6.18 14.1k 934

27 0.01620 0,31_2 0.6_29 -181.4 -170.0 11,234 6.2_ 15.68 803

28 0.01682 0.2364 0.5913 -165.B -153. Z 11.844 6.31 18.03 8E2

29 0,01765 0.1660 0.530Z -145m9 -131,6 lZ.533 6.41 Z1.71 ?50

• 29.01_ 0.01767 0.1659 0.5291 -1_5.6 -133.2 12.546 6.41 21.70 749

29.01] 0.11211 0.C_12 0.0451 110.8 189.3 23,666 7.Z8 25,29 378

30 0.12448 0.C5_7 0.0_95 12_,6 _11.? Z4,425 ?.Ok Z0.53 396

31 0.13519 0.0641 0.03_6 136.3 230.9 25.055 6.89 10.10 411

32 0.14493 0.0733 0.0327 146.7 ZkB.Z 25,604 6,78 16.59 424

33 0,15402 Q.Cel? "0.0304 156.5 264,3 26.099 6.70 15,56 435

34 0.16265 O.Oe_ C.0285 165.6 279.; 26,552 6.61 14.79 447

35 0.17092 0.0967 0.0269 174.3 293.9 Z6.97_ 6.55 14,21 _58

36 0.17893 0,1036 0.0255 182.6 307.9 27.365 6.50 13.75 668

37 0.18672 0.1102 0.02_3 190.8 321.5 27.737 6._? 13,39 478

38 0.19432 0.1166 0.0232 198.7 334.7 28,090 6.G_ 13.09 _87

39 0.20178 0.1229 0,0223 206.k 347,7 20.427 6.42 12.84 496

40 0,20911 0.12_9 0,0214 214.0 360,_ 28.7_9 6.40 12.63 584

42 0.223_ 0.1_06 0.019_ Z28.9 385,3 Z9,357 6.38 12.29 521

4_ 0.237k2 0.1518 0.0186 243.4 _09.6 29.922 6.36 12.04 536

46 0.2511k 0.162_ 0.0175 257.7 433.5 30.453 6.36 11.84 550

40 0.26463 0.1732 0.0166 271,0 _57,0 30.953 6.36 11.69 S64

50 0._7793 0.18_5 0.0157 _85.7 480.3 31.428 6.38 11.57 577

52 0.29109 0.1936 0.0149 299.5 503,3 31,880 6.40 11.48 590

54 0.30_11 0._036 0.0143 313.3 526. Z 3Z,31_ 6,4_ 11.42 601

56 0.31701 0.2133 0.0136 327.1 5;9.0 32.726 6.46 11.37 613

58 0,32982 0._230 _.0131 3_0.8 571.7 33,125 6.50 11.35 6ZN

60 0.3_255 0.2325 0.0126 354.6 59_._ 33.510 6.56 11.34 634

65 0.37k06 0.25(0 0.0115 389.4 651.2 34,419 6.74 11.40 650

70 0.405_Z 0.0789 0.0105 _,9 ?08.6 35.269 6.98 11.55 680

?5 0.43612 0.3015 0.009_ 461.6 ?66.9 36.074 7°28 11.78 699

80 0.k6651 0.3238 0.0091 k99.8 826.5 36.8;4 7.62 12.08 716

85 0.49734 0.3459 0.0085 539.6 887.8 37.5_6 8.01 IZ.k_ 732

90 0.5_77_ 0.3678 C.OOBO 581.4 950.8 38.307 8.43 $2.80 7_8

95 0.55802 0.3896 0.0076 625,Z 1015.9 39,010 8,86 13o20 762

100 0.58822 0.4112 0.0072 671.1 1082.9 39,697 9.29 13.61 776

120 0.10831 0.4968 0.0059 87_.8 1370.6 ;_.314 10.84 15,10 832

140 0.82769 0.581_ C.0451 1103.? 1683.0 44.720 11.83 16,05 858

160 0._664 0,6_5 0.00_ 13_$.8 2008.5 _6.8_3 12.22 18._1 9_5

180 1.06532 0.7_91 0.0039 1591.1 Z336.8 48.821 12.19 16.3_ 1003

ZOO 1.18381 0.8325 0.0035 t833.2 2661.9 50.539 11.95 16.12 1059

220 1.30216 0.9157 0.0032 Z069.5 2981.0 52.060 11.6_ 15.79 1115

240 1.W20_1 0.9988 0.0029 2_99.4 3293.7 53.420 11.33 15.48 1168

260 1.53859 1.0817 0.002? 2523.7 3600.7 5_.649 11.08 15.22 1219

280 1.656_1 1,16_ 0.0025 27_3.3 3903.0 55.770 10.8_ 15.02 1268

300 1.77470 1,2_74 0,0023 2959.6 _Z01.B 56.001 10,72 14,86 1315

350 2.06970 1._541 O.OO_O 3489.9 k938.? 59.0?2 10.51 14.64 1423

400 2.36_56 1.6667 0.0018 _013.3 5668.5 61.022 10.43 14.56 1523

_50 2.65935 1._672 0.0016 _533.7 6395.3 62.735 10.41 1_,54 1615

500 2.95_08 _.C737 0.0014 505k.2 7122.1 6_.265 lO.kO 14.53 1702

550 3.2_878 2.2800 0.0013 557_.3 7840.5 65.650 10.41 14,5_ 1784

600 3.54346 Z,k8£3 O,OOlZ 6095,q 8575.9 66.914 10,k3 14.55 1863

700 4.13275 2.8989 0.0010 7140.5 10033. k 69.162 10.40 14,61 2010

800 ;,72201 3.3115 0.0009 8193.0 11498,k 71,117 10.57 1_.70 2146

900 5.31123 3.7240 0.0008 9256._ 12974.3 72.85_ 10.?0 1k,82 22_1

1000 5.90045 ;.J365 0,0007 10333.7 1_46_.0 74.4E6 10.86 14.98 2389

1200 7.0788; ;.9614 0.0006 125k4.0 17499, Z 77,180 11.2_ 15.37 260k

lkO0 8,25722 5,7863 0.0005 14836.7 20616,8 79.587 11.6_ 15.81 2798

1600 9.43567 6.6111 0.0004 17216.? 23821.7 81.704 12.11 16.24 2977

1800 10.61465 7.4360 0,0004 19690.8 27121.1 83.609 12.58 16.71 1143

2000 11.79592 8.2608 G.OOOk 22284.7 ]0541._ 85.476 13._5 17._1 3295

2500 1_._0559 10.32_0 0.00_3 29886.3 _OZBZ. I 92.138 17.9_ 22.50 ]599

30&0 18,21_79 12.3_1 0,G002 W2312.9 55063._ 100°864 32.73 39.46 3860
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TMERMOOYNANIC PROPERTIES OF PARAH¥DROGEN C-2

O,TQ NPA ISOBAR

TEMPERATURE DENSITY #(OM/OV_ V(OP/OU_ -VIDPlOV_ -{OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONOUCTI@IT¥ OIFFUSIVIIY CONSTANT NUMBER

DEG. K KG/CU M KJ/KG MPA-CU H/KJ MPA IIDEG. K W/K-M

X 102 Y 103

" 14.03W 17,4091 6_,C 0,25560

15 76.6375 63_.7 0.2W77W

16 75.7962 b33,6 0,236W3

17 7W,8918 633,3 0.22711

18 73,9_k0 630.? 0.21933

19 22,9_02 621._ 0,21269

20 71.8967 606,4 0.20678

21 T0.T792 60_.0 0.201_2

22 69,5856 589.9 0.19642

23 68.2935 571.3 0.19162

2w 66.8966 550,9 0.18662

25 68.3638 526.1 0,18114

26 63,659q _9q.3 0.17_71

27 61.7337 _67.0 0.16668

20 59,W604 W28.5 0,15755

29 56,6553 3P5.1 O.IW60W

4 29,019 56,5997 385.C 0.1W502

• 29.019 8.9195 206.1 0.06940

30 8.0336 224,W 0.06982

31 7.3969 241.0 D.06993

32 6,0999 256.6 0.06995

33 6oh925 271._ 0.06985

3W 6.1k83 2_5.2 0,07008

35 5.8506 29&.6 0.07020

36 5.5808 311.9 0.0702_

37 5,3557 325.0 0.07022

38 5,1k61 337.9 0.07017

39 k.9559 350.7 0.07010

kO _.7823 363.3 0.07000

k2 4._755 388.3 0.069??

h_ W,2119 k13,C 0,06951

k6 3.9819 W32.5 0.06920

_0 3,7709 _61.9 0.06806

50 3,5900 _86,3 0.068_8

52 3,_35_ 510.8 0.0680_

5_ 3,2883 535.6 0.06754

56 3.154_ 560.8 0.06698

58 3.0319 586._ 0.06635

60 2.9193 612,5 0.06566

6S 2,673_ 661.0 0.06361

70 2._678 75_.7 0.06119

?5 2.2929 83h.7 0.05850

80 2,[_22 921.2 0.05569

85 2.0107 101_.3 0,05288

90 1.89_9 [113.6 0.05018

95 1,7920 1218.3 0.04767

100 1.7_00 1327,6 0,0_539

120 1.4118 I787,0 0,03071

1_0 1.20B2 2229.6 0.03537

160 L.056_ 2615.6 0.03k17

180 0.9307 29_1.5 0.03_19

200 0.sw_? 3222._ 0.03_8_

220 0,7600 3k?7.1 0,03574

2_0 0,70k0 3721.1 0.03667

260 0.6_99 3965.1 0,037_9

280 0,6036 _213,8 0,03816

300 0.5635 _69.2 0.03868

350 0.4832 5138.6 0,039_3

WOO 0.q229 5038.0 0.03972

_50 0,3760 6557,2 0.03977

500 0.3385 7281.6 0,03978

550 0.3078 8013,0 0,0397k

600 0,Z822 87_9.7 0.03966

700 0,2_20 102_._ 0.039_

80D 0,2118 11770.5 0.03908

900 0,1883 13362.8 0,03861

1000 0.1695 1500_.0 0.0380_

1200 0.1k|3 18_E3._ 0.03673

1_00 0.1211 Z21_0.6 G.03535

1600 0,1060 26007.2 0,03_08

1800 0.09_2 30106,1 0.03281

2000 0.08_8 3_83_,1 0.03116

2500 0.0675 56010.7 0.0231_

3000 0,05_9 11_990,9 0.01299

9_.0105 0,00991 75._8

85.9246 0.01081 83.85

79.02_7 0.01155 89,96

73.0991 0.01227 9_.03

67,_756 0,01307 96,93

62,0050 0.01398 98.66

56._899 0.01508 [00.21

5[.05_5 0,01628 101.99

_5.6000 0.01777 103.00

_0.0958 0.01962 103.31

3k.7861 0.02181 102,90

29._004 0,02470 102.02

2_,2906 0,02832 100,38

[9,1_79 0.03357 98.07

14,0551 0,0_207 9k.89

9,;055 0.05638 90,57

9.3871 0.05636 90._9

0,3678 0.12267 33,Z5

0._315 0,09151 31,56

O.WTW_ 0.0?500 31.10

0,5059 0.06_68 31.07

0.5302 0.05?33 31.23

0.5_96 0.05186 31.81

0.5655 0,04757 31.88

0.5789 0.04_09 32.31

0.590k 0.0k119 32.78

0,6002 0.030?3 33.Z9

0.6088 0.03661 33.82

0.616k 0,03k76 3W.37

0.6291 0,03165 35.51

0.6393 0.0291W 36.69

0.6_76 0,02706 37.90

0,65_5 0.82930 39,1k

0.6603 0,02379 _0,_0

0,6652 0,022W? _1.67

0.669_ 0.02131 _2,95

0.6730 0.02028 _k.25

0.6761 0.01935 k5.55

0,6788 0.01052 _6.93

0,68_3 0,016?_ 50.63

0.6883 0.01531 54.36

0,691k 0,01W12 57.99

0.6937 _.01311 61.80

0.6956 0.01225 66.69

0.6970 0.01150 71.59

0.6902 0.0100W 76._9

0.6991 0.01025 89.83

O,?Olk 0.000_5 117.09

0.7025 0,00720 136,08

0,7030 0.00627 lk8.26

0.7032 0,00556 155.70

0,7032 0.00500 160,31

0.7032 0,00_5W 163.56

0.7031 0.00_16 166._2

0.7030 0.0038k 169.37

0.7029 0.00356 172.61

0,7029 0.00333 176.19

0.7026 0,00285 186._5

0,7023 0.002k9 197.82

0.7021 0,00222 209.75

0.7020 0.00200 221.?_

0.7018 0.00181 233,80

0.7017 0.00166 2_5.85

0,7015 0,001_3 270.0_

0.7013 0.00125 29_,50

0.7012 0,00111 319._1

0.7010 0.00100 _0,56

0.7009 0.00083 511,13

0,7008 0,00371 583,_5

0.7007 0,00062 656.69

0.7005 0,00056 73k.76

0,7003 0.00050

0.6971 0,000_0 1_12,_2

0.6799 0.00034 3_8_,04

KG/M-S SQ M/HR

X [0 ?

259,12 0,00055 1,25296 2,1901

228.00 0.00057 1.2502_ 1.0761

203.88 0,0005_ 1,2_729 1,6580

183._9 0.00050 1,2_412 1.5163

166.73 0.00057 1.2_080 1._182

152.68 0.00096 1.25732 1.3530

1_0.66 J.0005_ 1.23365 1,3020

130.19 0.00053 1.22976 1,25Y1

IZ0,92 0.00051 1,22561 1.2306

112,52 0.000_9 1,22113 1,2208

104.85 0,000_6 1.21630 1.2235

97.68 0.000_3 1.21102 1.24_2

90.86 0.000_0 1,20516 1,2796

8_,23 0.00036 1,19857 1,3k67

77,51 0.00032 1,19001 1.k72W

?O.k_ 0,00027 1.181Z9 1.6885

70.31 0.00027 1.18110 1.6862

17,9W 3.00053 1.0271W 1.3658

10.1_ 0.00069 1.02_2 1.1802

10,WW O.O008W 1.02247 1.0728

18.78 0.00096 1.02095 1,0031

19,15 0.00111 1,01970 0.9539

19.53 0.00125 1.01865 0.9163

19,91 0.00138 1.0177_ 0.8873

20,31 0.00151 1.0169_ 0,86_3

20,71 0.00165 1,01623 0.8k55

21.10 0.00178 1,01559 0,8297

21.50 0,00191 1.01S01 0.8163

21,90 0,00205 1,01_0 0.80_7

22,70 0.00232 1.01355 0.7850

23.k9 0.00261 1.01275 0,7708

2_,28 0,00289 1.01205 0.758k

25.06 0,00319 1.011_] 0,7_82

25.82 0,003_9 1.01088 0.7396

26,58 0,00380 1.01039 0,732_

27,3_ 0,00_12 1.0099_ 0,7265

20,08 0.00_ 1.0095_ 0.7216

28,81 0.00k77 1.00916 0,7178

29,5k 0.00510 1.00002 0,7139

31.32 0,00598 1.00808 0.7053

33.05 3,00606 1.007_6 0.7024

3_.73 3,007?3 1.00693 0.7058

36.37 0.008_0 t,006_7 0.7109

3?,97 0,00961 1,00607 0.?07_

39.5_ 0.0106 _ 1.00572 0.7071

_1.08 0,01164 1.00541 0.7090

45.76 0,01390 1.00513 0.693k

5_.03 0*01978 [,00426 0.6965

59.17 Q,02527 1.0036_ 0.69?7

63.00 0.03079 1.80319 0.6973

66,20 0.036k8 [.00?83 0,6960

69.06 0.04239 1,0025S 0,69_3

71,72 0.0k855 1,00232 0,6926

?_,26 0,05_96 1.00212 0.6910

?6,72 0.06162 1,00196 0,6896

79.1_ 0.06055 [.00182 0.6885

81.51 0,0757_ 1,00[70 0.68?6

87,_6 0.09_86 1,001k6 0.6861

95,12 0.11567 1,00127 0,6853

98.82 0.13815 1,00113 0.68_8

104,k6 0,16231 1.G0102 0,68k_

110,0_ 0,[8011 1.Q0093 0,68_2

115.55 3,21552 1.00085 0.68_0

126._0 0.2750_ 1.00073 0,6837

136.98 0,3_061 1.0006k 0,6836

lk7.32 0._1197 1.00057 0,683?

157,k2 0.62k57 1.000S1 0,535_

176.97 0.8_761 1.000W3 0,5321

195,?_ 1.09733 1.00036 0,5302

213,8_ 1,37359 1.00032 0,5288

231.36 1,66002 1.00020 0,5262

832,46 2_8,38 2.03055 1.00026 0,5194

289.62 3.34689 1.00020 0._613

332.8? 5,67_67 1.00017 0.3881
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F:-2

7EHPERATJR_ VO_ UME I Jil T F'F='_ IL/% _ _

OEG. K CI) M/KG i "'-r't',<: 4; ,'"

" 1_.0o7 0._I731 : ._ t: I.¸;37 .

15 O.OlJJ3 t.l]_ _ £.q!

17 0.01333 _: " O._g _

19 O. 0136g C. _f 5: fl.¢{ _q

_1 O*CI41J . 731" (._3,_

22 C.C143_ _ _6_E L.'I_

2_ 0.Oi_ql ',r _1' C, 7_ 'L

25 G°OLbS' ].._ 3 L ,_I: :

26 0.0196 t, , % _._ ._

d7 0 • 1512 J. '4 _ .r_r:

28 0._167C _.'_C 13

" 29,BZ_ 0,01_]? ,:,_ E.*e_;:

" 29.021 0.0J_13 .' '_' C. :.,

31 O, !0956 . • bS;' C ._I_ r,_

32 O. 11945 . !_ _" _ .J_:

3_ O. 13_50 i . I _IC _ .03 "

_0 0.1517_ J.Cgt6 _._306

37 O .15_g6 q. IC/T C •07_3

39 O. 17_7./ L, 117_ u._I=,

5W O. ?b_, 36 U._01L L .016_

58 0._715 C ,Z?C' O.Ot¶L

60 O,?q_Wb 3. !C: [,Ll&_

65 O • 32623 ]. Z _q_ C •O I _;!

70 0.35372 3.2_77 [ .LL21

75 O. _0_'_ L. JbO£ 6.Gi:C

RO Q._+ 3 7_, 0.3251 C .01C5

lOO O. ( 1_,_ i L-.] i_ C .OCr_

lhO 0 . 72_5g i. _ EPt ( , E]r _

160 O. _ZfMI ;._ _E K C .j,r L'

18_ 0 .95_71 ;, ?_307 0 .JC_ c

220 1.1W013 : • c'IE'_ 6._C'?

28J 1 .W5049 1 • IF_-O L .b02g

350 1. _:537? ] ,2 _,R'_ 1.0C27

350 1._1194 I ._=_7 C.CCS_

5CO 2._85_6 ?. C 7_ _ [ .C[ 16

553 2._w373 ?. _ _lT C.O_l_

600 3,1,3158 2,t,_'l L._,_3

700 3._17Z3 ?.c _,_7 O.dOll

8CO _.• I 32 _ S. 7 ! .'? ( • CC ]0

l_O0 6. I _52c_ z+. i ,_: C •g_L7

14CO 7.ZJC,,l_ . ,' _ [ 6.L OF-'

Lo_O tl.25732 6._ :C'q C ,6LC5

Z060 I0. _234 4 , L _,i_ G ._L_

25C0 1 _. _.,466 i, , 3_ ? L . _C 0

i ,_ro- p _,,1 _t _Cj'iL) A~y

I_;TE°NAL FNTM_LPY ENTPOPY CV CP VELOCIT_

LNE_OY OF SOUNO

tJ/KG-K KJ/KC KJ/KG-K KJ / KG-K M/S

30_.6 -29_.3 _.9_5 _.71 6.38 12_

-J_.E -?_.1 5.4t0 _,qo 6.65 1259

-2_5.6 -2_5.1 5._B5 5.09 7.30 1229

-?g_.2 -277.5 U.322 5.?7 7.75 120_

"_6d.3 -_6_.q f.77_ 5.4] 8,22 1181

-77d.0 -2_1.1 ?.237 5.5_ _.71 115g

-P_.? -252.1 7.697 5.71 g.26 11]_

-dhJ.g -2Td.5 8.631 5.g3 10,W2 1082

-_33.4 -221.7 9.111 6.01 11.13 1053

-722.1 -210.7 g.601 6.0_ ll.g2 10Z1

-JIJ._ -197._ lO.IJ5 6,13 12._3 985

-1Q].O -18Q._ 10,6]0 6,1_ 13.g_ g_k

-1_.7 -I6].q 11.1_I 6.24 15.3g 895

-I_6,g -1_3,5 II,775 6.30 17.3q 838

-I_,6 -L34.F 12.4]7 6,3g Z0.66 76g

-73J.6 -i15,7 13.0_0 6._ 25.5i 700

1C4.B I_0.] 23.030 7.66 30._g 378

i_4.2 186.5 23.216 7.3_ 28.36 382

:i'3,S )II. _ 24.025 7.12 22.06 _00

136.1 331,6 2_.674 6.g5 19.10 _15

1_7.2 2_g._ 25.235 6.8_ 17.33 _2_

:£_,3 26h.5 25.733 6.71 16.12 _I

166.7 ZB£,_ 26,187 6,63 15.25 W53

175.7 2g7.1 26.608 6.56 1W,61 b6k

18_.3 _II,W P7.OOl 6.52 1W,10 WT_

Ig?.6 325.] 77.371 6.W8 13.70 bS_

?[_J.7 T3_.q 27,7_3 6.65 i3.37 493

7C_.6 35?.I P_.05_ 6._3 13.10 502

_.0 377o_ 28.6_6 6._ 12.67 51@

23_.q _O_.R Pg.267 6.3g 12.35 53G

7q3.5 _27.3 2_._11 6.3_ 12.1C 5_g

2_7.g _51.3 30.322 6.38 II,91 563

2_2.1 _75.9 30.8_ 6.3g II.77 576

dg6.l _g_,4 31,26_ 6.WI 1$.65 589

31C.1 _21.6 31.702 6._ 11,57 601

3_,0 _._.7 3Z*122 6._7 11.51 613

337.9 $67.7 32.52_ 6.5L L1._7 62_

_51.q 590.6 32og1_ 6,_7 11._5 63_

]86.g 6_t._ 33.831 6.75 li0_g 650

_22.7 705.7 3_.688 6.g5 II,63 680

_._ 764._ 35._97 7.2_ 11.85 699

_g/.g _24.3 36.270 7.63 12.13 717

537.9 _Bb.T 37.016 5.02 12,_7 T33

579.B 9W_._ 37.739 8.63 12.0_ 7_B

b_J,7 i014._ 3_,64_ _,86 13,_ 763

66q.7 10_I._ 3g.13_ g.29 13.6q 777

_73.7 1363o6 _1.755 10._ 15.12 8_2

1102.7 1652._ _.163 11._3 16.06 889

1345.1 200_.1 46.337 12.22 16._2 946

1593._ 2336.6 _8,272 12.19 /6.38 100_

1_2.7 2661._ _g. OS_ 11.g5 16.12 1060

2%69.0 2981.I 51.537 ii.6_ 15,80 file

ZS_h.C 3393._ 52.66_ 11.33 15.W9 1169

25Y3.] 3601.3 5_,097 11.o_ 15.23 1220

dTk3,0 3gO]._ 55,218 10._ 15.02 1269

2q_9,3 _?02*$ 56.2_g IO.Z_ 1_,R6 131_

_9.7 _39._ 5_.5ZC 10.51 I_.65 14_h

_d13.I 5_63,1 _.67! 10.43 1_.56 15Z3

_513.6 619_.4 62.1_ IO._L 1W._ 1616

505_.1 7122.8 63.71_ I0._0 1_.53 ITO3

q57_._ 75_9._ _.039 lO._L 1_.5_ 1785

6005.3 a576.6 66.363 10._3 I_.55 186&

71_C._ 1003_.? 6_.612 10._ 1_.61 2011

_lq3*_ 11_, _ 70._07 10.57 1W.70 21W_

qs_b.& 12_?5.1 7".333 10.70 I_.82 22?2

I_]33.6 l_w.4 73,87f IO._b 1W.9_ 2390

l_:_,q 17v03.3 7_.67 ° I:.2W 15*37 260_

!:._L.7 20-:7. T_.9_6 ll.h_ 15.81 _79g

l i6_q.g 2712t.0 _.057 I?._ 16.7_ 31_

27280.3 _05_4.? _.9? _ 13.2Z 17.38 3296

d_19.5 _C15_.3 _1.55 _ 17._ _2.19 3_03
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d

0.80 MPA ISOBAR

TEMPERATURE 0ENSITT V(DH/DVI
P

OEG. K KG/CU M KJ/KL

1_.067 77._651 6_7.3

15 76.7Z48 b39.7

16 75.8894 637.2

17 7_.99Z3 637.0

18 7_.0521 62_.5

19 73.064_ 629.5

20 72,0222 62£,7

21 r0.9163 6cq.9

22 69.7352 595.0

Z3 68.4619 576.7

26 67.0865 556,g

25 65.5817 533,8

26 63.9171 567,2

27 6Z.0650 475.9

20 59.8722 _0.8

29 5?.2336 398.5

29.82_ 5h,4335 356.9

" 29.825 10.5055 205.0

30 10.2218 Z08.9

31 9.1271 Z28.2

32 0,37Z0 2_5.4

33 ?.7923 261.3

36 ?.3227 275.8

35 6.9280 289.9

36 6,5883 303.6

3? 6.2907 317.2

38 6.0264 330.5

39 5.7893 3_3.6

60 S.5766 356.6

62 5.1992 382.2

64 6,8801 _07.5

66 _,60_1 _32.4

68 6,3621 _57.2

50 _.1;76 48?.0

52 3.9557 506.8

56 3.7827 531,g

56 3,6258 557,3

58 3.4826 583.1

60 3.3512 6£9._

65 3,0653 678.3

70 2,8271 752.3

15 2.6251 832.5

80 2.k513 919._

85 2.3000 1012.4

90 2.1669 1111,9

95 2.0k08 1216.7

100 1,9432 1326.1

120 1.6130 1786.2

160 1.3801 2229.4

160 1,2065 Z616,0

180 1.0721 29_2.4

Z00 0.9668 3223.7

220 0.8771 3478.7

260 0.8061 3723.0

260 0.7623 3967,1

280 0.689_ 6215.9

300 0.6636 6_71.5

350 0.5519 5141,1

_00 0._831 5840._

_50 0.6296 65_9.9

500 0.386? 728_.5

550 0.3517 8015.9

600 0.3224 8752.6

700 0.2755 102_7.4

000 0.2420 11781.5

900 0.2151 13365.9

1000 0.1936 15008.0

1200 0.161_ 18_66,6

1600 0.1304 221_3.7

1600 0.1211 26008.2

1800 0.1077 3009_,9

2000 0,0969 3_777.1

2500 0.07?2 5526_.?

3000 0.0629 111251.3

* TWO-P_&SE BOUNOAR¥

THERMODYNAMIC PROPFRTT_S 0 c PA_AHY_POGT_d

#(DP/OU_ -V(0P/D_) T

HPA-CU M/KJ MPA
x 102

0.255_8 94,595_

0._k789 57.C?_9

0,23706 79.9090

Q.22772 73.9430

0.21992 68.7963

0.21325 62.8392

0.2073_ 57.3120

0.20196 51.8962

0.19695 46._549

0.19215 W0,9370

U.18721 35.6589

0.18185 30.4154

0.1756W 25.2504

0.16816 ?0.1166

0.15979 15.2350

0.1_856 10._781

0.137_4 6.7925

0,06963 0.3666

0.0697_ 0.3877

0.C_006 0.4710

0.0?018 0.5246

0.07011 0.563_

0.070_9 0.5930

0.07069 0.6167

0.07078 0.6361

0.07079 0,6525

0.07074 0.6664

0.07067 0.678_

0.07056 0.6889

0,07031 0.7062

0.07001 0.7200

0.06968 0.7312

0.06931 0,7_05

0.06890 0.7482

0.068_3 0.75_7

6.06791 0.7602

0.06732 0.7649

0.06668 0.7690

0.06597 0.77_6

0.06389 6.7797

0.06144 0.7850

0.05873 0.7_89

0.05589 0.7920

0.05306 0.7966

0,05035 0,7962

0,0_782 0.7978

0,04553 0.7990

0.03880 0.8019

0.03544 0.8033

0.03_23 0.8039

0.03_24 0.8042

_.03488 0.80_2

0.03578 0.8042

0.03671 0.8041

0.0375_ 0.8060

0.03019 0.8039

0.03821 0.8037

0.03945 0.803_

0.03974 0.8031

0.03979 0,80_8

0.03980 0.80?6

0.03975 0.802k

0.03968 0.8022

0,039_5 0.8019

0.03910 G.8017

0,0386_ 0.8015

0.03805 0.801_

0.03674 0.8011

0.03535 0.8010

0.03409 0.8009

0.03284 0.8007

0,03123 0.8005

0.0_350 0,7970

0.01345 0.7786

-(JV/OT_/_ THERMAL VISCOSITY THERMAL 3IELFCTRIC PR_NDTL
CONOUCTI_ITY _IFFUSI_ITY CONSTANT N_MBE_

1/0_. K N/K-H K_/H-S _Q H/H_

x 103 x I_ T

_.90_86 75.88 259.74 0.]005_ 1.25315 2.1840

0.01371 83.96 230.36 0.0005_ 1.25055 1.87q_

0.31146 90.11 205.24 _.00059 1.2W761 1.6627

0.01217 94,21 18_,71 0.0005_ 1.244_? 1.5156

0.01296 97.15 167.8_ J.00057 1.24118 1.4204

3.01384 9B,_I 153.70 0.09056 1.23222 1.3590

0.01_8@ 100.49 141,61 3,0005_ 1.23409 1.?021

0.01608 10?.11 131.10 0.0005_ 1.23024 1.2559

0.01_57 103.37 121.79 0.30051 1.22611 1.22_2

0.01931 103.72 113.38 0.00049 1.22122 1.2171

0,02140 103.44 105.70 0.00047 1.2169_ 1.2127

_,0240_ 102,55 98.55 0.000_w 1.21177 1.2332

3.027_ 101.00 91.76 0.00061 1,20605 1.2224

0.03234 98._0 85.20 0.00037 1.1996] 1.3271

0.03945 95.8? 78,64 0.00033 1.19221 1,4271

3.0518_ 91._3 71.81 0.0002_ 1.1832_ 1.6155

0.071_ 87.32 65,59 0.00023 1.1737_ 1.916_

0.14877 36,90 18.93 0.00041 1,03202 1.56_2

0.13577 36.00 18.91 0.00045 1,0311_ 1.4895

0.0956_ 33.73 19.00 0.0006_ 1.02777 1.2426

0.0778_ 32.98 19.2_ 0.0007_ 1.02545 1.1146

0.06630 32.?5 19.54 0.000_? 1.07368 1.0339

0.058_4 32.79 lq.98 0.00100 1.02229 o,g??o

0.05262 32.99 20.23 0.00112 1.0210] 0.9353

0o0_810 33.30 20.60 0.00125 1.0199q 0,903_

0.0_447 33.69 20.98 0.00177 1.01908 0.8781

0.041_6 34.12 71.36 _.00_49 1.01825 0.8575

0,03_91 3q,60 21.7_ 0.00161 1.01755 0.8_04

0.03672 35.10 27.13 0,00173 1.01690 0.8258

0.03314 3E.16 22.91 0,00198 1.0157_ 0.8024

0.03030 37.28 23,68 0.0022_ 1.01_78 0.7843

0.0279_ 3B.45 24.45 0,00248 1.01394 0.7697

0.02605 39.55 ?5.22 ].00275 t.01320 0.7577

0.02_41 _0.88 25.98 3._0307 1,01255 0,7478

0,0?299 42.12 26.73 0.00329 1.01197 0.7395

0.02125 43.38 27,_8 0.0035? 1.0114_ 0.73_7

0.02069 _.66 28.21 0.00385 1.0109_ 0,7270

0.01967 _5.q4 28.9_ 0.00414 1.01053 0.7226

0.01_80 _7.31 29.66 0.00_44 1.01013 0.7182

0.01694 50.98 31._3 0.00521 1.00927 0.7086

0.01546 54.67 33.15 0.00599 1.00854 0.7050

0.01423 58.76 34.82 3,00674 1.00793 0,7080

0,01320 62.06 36.46 0.00251 1.00741 0.7127

0.0123? 66.9_ 38.06 0.008_0 1.00695 0.?008

0.01155 71,83 39.62 ).00929 1.0065_ 0.7083

3.01089 76.?3 41.15 3.01018 1.00619 0.7100

0.01_29 89.88 45.77 ].01221 1.00587 0.6947

0.09_5 117.09 54.0? ).0172_ 1.00487 0,6974

0.00720 136.07 5q.12 0.02_10 1.00416 0,6983

0.00o2_ 1_5,28 63.01 0.02694 1,0036_ 0.6975

0.00557 155.71 66.21 _.03193 1.0032_ 0.6964

0.00500 160.32 69.07 0,03711 1.00291 0.6946

0.00454 163.59 21.73 0o04P50 1.00265 0.6928

0.00416 166,W5 ?4.28 0.04811 1.00242 0,6911

0.00384 169,41 76.?_ 0.05395 1.002Z4 0.6898

0,00356 172.66 79.15 0.0600_ 1,00208 0.6886

0.0033_ 176,23 81.53 0.0663_ 1.00194 0.687?

0.30285 18b.51 87.38 0,0830_ 1.00166 0.6862

0,0024] 197._8 93,15 3.10128 1,C01_6 0.6853

O.O0?ZZ 2G9._? 98.85 0.12092 1,0012_ 0.68_8

0.00199 781,82 104._g 3.14213 1.C011_ 0.68_

0,90181 233,8_ 110.Q7 0.16471 1.00106 0,6842

0.00166 2_5.95 115.59 0.18871 1.00097 D.6_40

0.001_3 270.1_ 126._4 0.?_082 1.0008] 0.683?

0.00125 294.62 132.0_ 0.29_2_ 1.0007] C.6836

0.00111 319.55 147.38 0.36071 1.00065 0.683?

0.00100 440.56 157.4_ 0,54661 1.00058 0.5356

0.00d83 511.13 172.05 0.?_179 1,000_9 0.53?3

0.00371 583._4 195._3 0.96030 1.000_? 0.5305

0.00062 656.59 213.94 1.201qq 1.00036 0.52_1

0.00056 734.20 231.47 1.46978 1.00037 0,5706

3.00]50 830.12 248.50 1.77502 1.00029 0.5202

0.00040 1383,98 289.72 ?.qoB81 1,0002_ 0,4E45

0.00034 3244,?_ 337,71 _,,87_43 1.00019 0._9G_
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C-Z TMERHO]YhAM£: PROPERTIES OP PARAHYOROGEN

3.@u NPA I$03AR

TEMPE_ATUR_ VOLUME ISOTMEkM ISOCHORE INT[RNAL ENTMALPY ENTROPY CV CP VELOCIIY

DERIVATI#_ DERIVATIVE ENERGY OF $OUNO

OEG. K CU MIKG CO M-HPAIKG MPAIK KJIKG-K KJIKG KJIKG-K KJ I .-K MIS

1_.103 0.01290 1.2?7_ 0.9336 -308,6 -zgT,o _,987 h.72 6.38 tZ8q

15 0.01302 1.1472 0.9331 -302.T -291.0 ".396 _.90 6.83 1265

16 0.01316 1.0633 0.9185 -295.8 -28_.0 _.850 5,09 7,28 123k

IT 0.01332 0.9_59 0.9027 -288.5 -ZTB.5 6.306 5,27 7.73 120g

18 0°01348 o.g31q 0.8820 -280.6 -268.5 6.761 5._3 8.20 1186

19 0.0136T 3.e?&; 0.8T28 -ZZ]._ -26_.1 T.218 5.58 8,68 116_

20 0,01386 0._057 0,8562 -263.6 -251.1 ?,6ZT 5.71 g.ZO 11k0

Z1 0,01407 0.7421 0.8377 -254.3 -241._ &.130 5.82 9.76 11t5

22 0.01431 O.E?_Z G._I?; -2_4.5 -231.5 8.607 5.92 10.37 1088

_3 0,_1_57 O,EICg G.Tg_ -234.0 -220._ 9.0_Z 6.00 tt.O_ 1060

ZW 0,01k86 0.5428 0.76Z2 -2?2.8 -20_.4 g. S6g 6.0T It.8? 1028

25 O.gi5ZO 0.4762 0.7360 -210.9 -197.2 10.059 6.13 12.70 993

26 0,0155_ O._G81 0.6998 -198,0 -18_.0 10.5_8 6.1r 13.76 953

27 0.0160_ _.3377 C.6579 -18_,0 -160.6 11.1]i 6.2 15.13 906

28 0.01660 0.2691 0.6099 -16_.5 -153,6 11.711 6.? 16o96 851

29 0.01231 C.2011 0.5551 -151.0 -135.4 12.350 6.3 19.69 T88

30 0.01833 0.1312 0._801 -129.9 -113._ 13.096 6._8 2_.86 TOg

• 30.56T 0.01918 0,0_9 0.4424 -114.9 -9_.? 13.615 6.5_ 31.3_ 650

30.56/ 0.08139 0,0281 0.0656 gT.Z 110.5 22.391 7._7 38.60 3?6

31 0.08768 0.03_5 C.0595 106.9 185.8 22.890 7.46 30.60 38?

32 0.09864 0.35C? 0.0511 123.3 ZiZ. 1 23.226 ?.18 23,?1 _0_

33 0,107Z5 0,062_ 0,045_ 136,6 233.6 ?4.386 ?,01 19.86 _ZO

3_ 0.11588 0.07_1 0.0418 148.1 252._ 24.948 6.83 17.87 46_

35 0.12339 Q.[811 0.0387 158.5 269,6 25._6 6.71 16.57 _7

36 0,130_ 0.0803 0.0362 168.2 265°6 25,8@9 6.63 1_.64 _59

37 0.13723 0.0971 0.0342 177._ 300.q 26.317 6.57 i_.g_ _70

36 0.1_37_ 0.104_ 0.032_ 186.2 315.6 26.708 6.52 1_._0 _80

39 0.15006 0.111_ 0.0306 194.7 329.8 27.077 6._9 13.gT _go

40 0.15020 0.11eZ 0.0294 203.0 343,6 27.WZ6 6.46 13.62 _gg

kZ 0.16811 0.]3_1 0.0221 Z18.9 370.2 28.0?6 6._3 13.07 516

_4 0.17961 0.1_33 0.0252 234,3 395.9 28.675 _.kl 1Z.68 _33

_b O.190Tg 0,1550 0.0235 Z_9.3 _Z1,0 Z9.ZIZ 6._0 12.38 5_8

_8 0._01T3 G.Ibb3 L OZZI 264.0 _5o5 29.753 6._0 : ,15 562

50 0.21246 0.1773 0.0209 Z78._ 469.6 30.ZW5 6.4l 11,97 576

5Z 0.22303 3.182& 0.0198 292.7 k93.4 30.712 6.k2 11.83 $88

5k 0.233k5 0,1984 0.0189 306.9 517.0 31.157 6,_5 11.73 &01

56 O.Z_ST6 0.?[_6 0,0180 321.0 5_0,k 31.582 b,k8 i1.65 6iZ

58 0.2_306 0._187 0.0172 335.0 563.6 31.990 6.5] i1,60 6Z3

60 0.2&_0 0.2286 0,0165 3kg.1 506.8 32.302 6.58 11.57 63_

05 0.28905 0.2S28 0.0150 384.5 6_.6 33.308 6.75 11.58 658

78 0.31367 0.276_ 0.0138 420.5 ZOZ, 8 3_.171 6.99 11.70 600

P5 0.33802 0._g96 0.0127 457.6 761,0 3_.985 7.29 il.gl ?gO

80 0.36216 0.3?24 0.0118 496.0 8ZZ.O 35.762 7.63 12.18 717

85 0.3861_ 0.3448 0.0111 536.2 883. _ 36.510 8.02 1Z.51 73_

gO 0.40908 0.3671 0.010_ 528.Z 9_7.? 37.Z35 8.k3 IZ.88 7_9

95 0._33Zl 0.38_2 0.0098 622.2 1012.6 32.9_Z 8.86 13.27 763

100 0._5736 0._111 0.0093 668.3 1079.9 38.633 9.29 13.67 778

IZ0 0.5512_ 0._975 0.0077 872,6 1368.7 _].260 10.85 15.14 833

t_O 0.64442 0.5827 0.G065 %101.8 1681.8 _3.671 11.83 16.07 890

160 0.73?1 0.6671 0.0057 13_.3 Z007.0 _.8_7 12._2 16._3 9_7

180 0.529_ 0.7511 0.0050 1589,8 233&.5 _7,783 1Z.ZO $6.39 1005

200 0.92196 0._3_7 0.d0_5 1832.1 2661.8 49o_96 11.95 16.13 1061

ZZO 1._1_11 0._181 0.0041 2060.5 2981.2 51.019 11.6_ 15.80 1117

ZkO 1.10618 1.C013 0.0038 Z298.5 329_.1 52.380 11.34 15._g 11T0

260 1.1001? 1,(_4 C.0035 ?522.9 3601,? 53.610 13.00 15.23 1ZZ1

_80 1._9010 1._÷?_ 0,0_32 27_2.6 3903. T 5_,T31 10.88 15.02 1270

300 1.38103 1.2503 0.0030 ?958.9 kZO?.? 55.762 10o72 1_.87 1316

350 1.611_6 1.4572 0.0026 _4_g.5 493_.8 5&.03_ 10.51 14.65 1_Z5

RO0 1.8_086 1._639 0*0023 4012.9 5669.7 59.985 10.43 14._6 152_

_50 2._7019 1.e7_5 0.0020 4533._ 6_96.6 61.698 10._1 1_.5k 1616

_00 2.29945 Z._770 0.0018 5054.0 ?tZS.S 63.228 10.40 1k.53 1703

550 2.52869 Z.283_ 0.0016 5574.1 ?8_g.g 6_,613 10.k1 lk,Sk 1706

600 Z.25290 Z.4897 0.0015 b095.Z 85T7.3 65,8?8 10._3 1_.55 186k

700 3._1627 2.gO?k 0.0013 21&0.3 10035.0 68.126 10.k6 1_.61 2011

800 3.67_60 3.31_9 0,0011 8192.9 11500.1 20.081 10.52 Ik.70 21_7

900 4.13290 3.7?75 0.0010 9_56.3 12075.g 71.818 10._0 1_.82 2273

1000 4.59118 4.1kC0 0._009 10333.E _W65._ 73.390 10.86 1_.98 2390

1_00 5.50773 4._Ekg C._008 1254].9 1T503og 76.1_3 11.2_ 1_.32 2605

14_0 6._2425 5,7898 C.0006 1_836.7 2061q,5 70.550 11.6_ 15.81 2799

1600 7.34082 6,61_? C.0006 17216.k 23823.1 80.667 12.11 16.2_ ZgZe

1800 8.25??5 7._306 C.0005 19689.0 27121.0 82.571 12.57 16.70 31_'

2000 9.12&25 8.2644 _.0005 _Z276.? ]0535._ 8_.435 13,20 12.35 329(

2500 11.51332 1_.3265 C.0004 Zg?Ek.2 _0126.2 91.045 12,_! 21.93 3602

3000 14.120_ 12.3_8_ 0,u_03 41549.Z 5k252.6 9g.529 30.5_ J6.98 3867

IND*RdASE BOUNOARY
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0.90 NPA ZS03AR

1EHPERATURE OENSITY VIOH/OV_

OEG. K KG/CU M KJ/KG

• 1;.100 77.5208 650.E

15 76.8115 644.7

16 75.9018 64t.0

17 75,0917 E40.5

18 ?;.1591 638.E

19 73.1793 633.5

20 72,1;62 624,9

21 71,051; 61_.1

22 69.88k4 599,9

23 68.6311 583,?

2; 67.2723 562.0

25 85.7941 5_0.6

26 64.1659 51;,8

27 62.3;39 h8_.3

28 60.2507 ;50.8

29 57.7615 ;12.0

30 5;.5650 363.7

• 30.56? 52.1365 328.3

• 30.56? 12.2060 203.6

31 11,;051 213.9

32 10.1382 233.6

33 9.2804 251.0

3; 8,6298 266.3

35 8.10;5 201.1

36 ?.66;7 295.;

37 7.287t 309.4

36 6.9569 322._

39 6.66;2 336.7

40 6.4019 350.1

;2 5.9_85 376,3

;; 5.5677 ;02.0

_6 5.2;L; h27,5

_B ;.9572 ;52.7

50 ;.7068 ;77.8

52 6.;838 503,0

5; _.2835 528.3

56 ;.1025 55;.0

50 3.9376 579.9

60 3.7860 606.5

65 3.;596 675.6

70 3.1881 75C.0

75 2,958; 830.3

80 2.7612 917.2

85 2.5098 1010.6

90 2.;391 1110.2

95 Z.3057 1215.2

100 2,1865 13_4.?

120 1o01_1 1785.5

160 1,5518 2229,3

160 1.3565 2616.5

180 2,2053 2943,_

200 1.0667 3225.0

220 0,9861 3;80,3

2;0 0.9040 37_k.8

260 0.0366 396%2

280 0.7751 ;218.1

300 0.7236 ;;73.0

350 0*6206 $1;3.7

_00 0.543Z 58k3.3

450 0._830 65E2.7

500 0.4349 7207.3

550 0.3955 8018.8

600 0.3626 8755.6

700 0.3L09 10250.3

800 0.2?21 1170;.6

900 O.SkZO 133E9.0

1000 0.217& 15011,1

1200 0.1816 18;69.9

1600 0.1557 22156.9

1600 0.1362 26009.5

1800 0.1211 3008E.Z

2000 0.1090 3_730.5

2500 0.0869 54646.3

3000 0.0708 1081;_.;

• TWO-PHASE BOUNDARY

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

V(DP/DU_7 -V(OP/OV) T

MPA-CU _IKJ MPA
X 10 _

0.25535 95.1791

0,?;804 88.11;6

0.2376? 80.7877

0,22031 7_.7803

0.Z2049 69.1097

0.21380 63.6661

0,20708 50,1271

0.20249 52.7287

0.197k7 ;7.2907

0.19269 41,9288

0.18778 36.5169

0.18251 31.3292

0.17651 26.185_

0.1693E 21.055;

0.16085 16.2152

0.15082 11.617;

0.13827 7.1562

0.12885 ;.63;2

0.06962 0.3458

0,06992 0.;158

0.07027 0.514;

0.07027 0,5773

0.07005 0.622_

0.07117 0.6569

0.07132 0.68;6

0.07137 0.7073

0.07134 0.726_

0.07126 0.7;27

0.07115 0.7568

0.07087 0.7799

0.0705_ 0.7980

0.07017 0,8126

0.06977 0.82;S

0.06932 0.83;;

0.06883 0.8;28

0,06829 0.8;99

0.067E8 0.8559

0.06702 0.8611

0.06629 0.8656

0.06;10 0.87;6

0.06169 0.8813

0.05095 0.8863

0.05609 0.8901

0.0532; 0.8931

0.05051 0.8956

0.0;797 0.8973

0.04566 0.8908

0.03889 0.9025

0.03551 0.90;2

0,03428 0,9050

0.03429 0.9053

0.03692 0,905;

0.03582 0.9053

0.0367_ 0.9052

0.03756 0.9051

0.03823 0.90_9

0,03874 0.90;7

0.039_8 0.9043

0.03976 0.9039

0.03981 0.9035

0.03982 0.9032

0.03977 0.9030

0.03569 0.9028

0.039k6 0.902k

0.03911 0.9021

0.0J863 0.9019

0.03806 0.9017

0.0367_ 0.901_

0.03536 0.9012

0,03410 Q.9011

0.03286 0.9009

0.03129 0.9006

0.02381 0.8969

0.01385 0.877;

-(OVIDT_/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

OONOUCTIVIIY DIFFUSIVITY CONSTANT NUMBER

IIOEG, K W/K-N KG/M-S SO M/HR

x 103 x 107

0.00981 76.29 ?60.36 0.00056 1.25335 Z.1781

0.01059 8;.07 231.93 0.00058 1.25005 1,8836

0.01137 90.26 206.61 0,00059 1.2479_ 1.6675

0.01207 9;.39 185.94 0.00059 1.74482 1.5231

0.01285 97.36 168.95 0.00058 1.2k155 1,_227

0.01371 99.15 15_.72 0.0005_ 1.23012 1.3551

0.01w73 100.77 I;2.56 0,00055 1.23;57 1.3023

0.01589 102.62 132.00 0.00053 1.23071 1.2550

0.0172_ 103.72 127.66 0.0005? 1.22665 1.2260

0.01894 10;.13 114.?5 0.00049 1.22230 1.2118

0.0210I 103,90 106,55 0.000;7 1.21760 1.2125

0.023;9 103.07 99.;0 0.0004; 1.21250 1.22;9

0.02673 101,60 9Z.65 3.00041 1.20690 1.2546

0.0312_ 99.51 RE,IS 0.00038 1.20065 1.31D1

0.03761 96.69 79,70 3.00034 1.19350 1.3975

0.0;77_ 92,98 73.10 0.00029 1.1050; 1.5;77

0.06834 87.88 65.89 0.000?3 1.17h22 1.8639

0.095;6 85.67 61.I4 _.00019 1,16605 2.2367

0.18963 ;1.99 20.06 0.0003? 1.03752 l. Bk;7

0.1;310 38.62 19.09 0.00040 1.03kTq 1.5758

0.09938 35.76 19.87 0.00055 1.03008 1.2896

0.07913 34.73 ?0.04 0.00068 1.02874 1.1499

0.06711 3_.35 20.30 0.00080 1.02625 1.0563

0.0589; 3;.30 20,60 0.00092 1.02;63 0.9951

0.05293 3;._; 20.q3 0.00103 1.02329 0.9505

0.0;829 34.70 21.28 0.00115 1.02213 0.916;

0.06;57 35.06 21.6; 0.00126 1.02112 0.889;

0.041W9 35.;4 22.00 0.00137 1.02022 0.867;

0.03890 35.88 22.37 0.00148 1.019;2 0.8491

0.03;7; 36.85 23.12 0.00171 1.0180; 0.820;

0.03153 37,91 23.80 0.00193 1.0168R 0.7987

0.02896 39.02 2;.6; 0.00217 1.01580 0.7615

0.0268; 40.18 25.39 3.00240 1.01507 0.7677

0.02505 ;1.37 26.1; 0.002b_ 1.01;25 0.7563

0.02352 62.59 26.88 3.00289 1.01358 0.7_69

0.02220 ;3.82 27.62 0.0031_ 1.01297 0.7391

0.02103 45.08 28.35 0.00340 1.012;2 0,7326

0,02000 66.36 29,07 0.00365 1.01191 0.7275

0.01908 ;?.69 29.79 0.0039? 1.011;6 0.7226

0.0171; 51.32 31.54 J.00;61 1.010k6 0.7119

0.01560 55.00 33.25 0.00531 1.0096_ 0.7076

0.01;34 50.56 3_.92 0.00598 1.00894 0.7103

0.01328 62.32 36.55 0.00667 1.00534 0.71_5

0.01238 67.20 38.1; _.00747 1.00782 0.7103

0.01t60 7Z.OB 39.10 0.00826 1.00737 0.7095

0.01092 76.96 ;1.23 0.00905 1.00696 0.7110

0.01032 89.9; k5.78 0.01083 1.00660 0.6960

0.00840 117,10 54.02 3.01535 1.005;8 0.6982

O.OO?St 136,07 59.17 0.0196_ 1.00;68 0.6990

0.006?8 1;8.28 63.01 0.02395 1.00409 0.6983

0.00557 155.72 66.22 0.02835 1.0036_ 0.6968

0.00500 160.35 69.08 0.03300 1.00327 0.69wq

0.00k54 163.62 71,75 0.037R0 1.00297 0.6930

0,00416 166.W8 7;.29 0.0;??9 1,00Z73 0.6913

0.00384 169,6; ?E.75 0.0_79q 1.00252 0.6899

0.00356 172.70 79.17 0,0533_ 1.0023_ 0,6887

0.00332 176.28 81,$5 0.05899 1.00218 0.6878

0.00285 18E.56 87.40 0.07389 1.00187 0.6862

0.00249 197.94 93.17 0.09009 1.0016_ 0.685k

0.00222 Z02.89 98.88 _.10760 1.001_6 O.&Sk8

0.00199 221.R9 104,52 0.1264! 1.00131 0.68_5

0.00181 233.97 110,11 0.14ES1 1,00119 0.6842

0.00166 246.04 115.63 0.16786 1.00109 0.68_0

0.001;] 270,25 176,_9 0.21671 1.00024 0,E837

0.00125 294.T4 137.09 0.76527 1.00082 0.6836

0.Q0111 319.68 1k7.;; 0.32084 1,00073 0.6837

0.00100 ;40.56 157.$5 O._8sq? 1,00066 0.5358

0.00083 511,13 177,13 _.65948 1,00055 0.5325

0.00071 583.43 195.g? _.85373 1.00047 0.$307

0.000E? 656,51 21_,0; 1.06853 1.000_1 0,5224

0.00055 733,73 231.58 1.30E79 1.00036 0.5270

0.00050 828,18 248.62 1.57655 1.00033 0.$210

3,000;9 13E0.41 ?89.83 Z.57075 1.00026 Q.4673

Q.0003_ 3127.3_ 332.61 _.?9917 1.00021 0.3933
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THERHO]YNAMIC PROPERTIES OF PARAMTDROGEN

IEMPERATURE VOLUME IS01HfRM ISOCHOR£ INTERNAL ENTflALPY ENTROPY CV CP VELOCITT

DERIVATIVL DERIVATIVE ENERGY OF SOUNO

DE;, K CU M/KO CU H-PPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K HIS

• 16,133 0.0128_ 1.233_ G.93k7 -308,5 -295.? k,990 4.?Z 6.38 1292

15 0,01500 1.16£C 0.93;3 -302.9 -289.9 5.362 4.90 6.80 1220

16 0.01315 1.C735 0.9214 -296,1 -282.9 5,835 5.08 7,27 1239

17 0.01330 1.0056 0.9056 -288.7 -7?5.6 6.290 5.26 7.71 IZ13

18 0.01367 0.9k14 0.8908 -780.9 -267.5 6,766 5.63 8.18 1191

19 0.013o; 0,8798 0,8757 -272.7 -259.0 7.199 5,57 8.66 1169

20 0.0138_ 0._155 0.8593 -263,0 -250.1 ?°656 5,70 9.17 11q5

21 0.01_05 0.7523 O.8;Oq -254.7 -2;0.7 8°117 5.82 9.?1 1121

22 O.GIhZ8 0._871 0.8205 -Z35.0 -Z30,T 6.582 5.92 10.31 1094

23 0.01_56 0._219 0.2976 -233.6 -220.1 9.055 6.00 10.97 1066

24 0.01682 0.5_59 G,7?13 -223,5 -Z06.7 9.538 6.07 11.76 1035

25 0.0[519 0°_883 0.7_07 -211.7 -196,6 1C.OI; 6,1] 12.98 1001

26 0,01553 0._207 0.?056 -199.0 -183.5 10.$_7 6.18 13.59 962

Z7 0.01597 0.3631 0.6648 -186°3 -169,3 11.087 6.23 1k.84 917

ZB 0.01650 0._850 0.6185 -170.2 -153,7 11.650 6.29 16.52 865

29 0.01717 O.216E G,5658 -153.1 -136,0 12.Z21 6.36 19.00 80;

30 0.01809 3.1685 O.SO;l -133.2 -115.t 12.979 6.65 23,26 731

31 0.01957 0.C786 0.6263 -107.2 -87.6 13.878 6,63 $3.89 633

* 31.Z_] 0.02316 0.0593 0.3982 -98.7 -78.5 13.171 6.71 40,60 600

• 31.24s 0.06965 0.C213 G.0788 82.6 152.2 21.719 7.93 52.16 326

32 0.080;3 0.03_7 0.0656 10T,0 187.k 22.625 7,50 31,66 393

33 0.09052 0.5511 0.0561 12_,7 Z1;.T 23.515 7.22 23.86 611

3; 0,09587 0.06?7 0.0502 137.8 236.6 Z;.170 6.97 20.33 _27

35 0.10632 0.0727 0.0359 149.5 Z52.9 Z_.TZ7 6,81 18.Z7 _62

36 0.11320 0.0818 0.03Z6 160.2 273.; 75.Z21 6.70 16,91 _5k

3? 0.11969 0.0903 0.0398 170.1 Z89.8 ZB.6T1 6.6Z 15.9; ;66

38 0.12581 O.C_b2 0.0325 129.5 305.6 26.086 6.57 15,22 677

39 0.13185 0.1057 0,0356 1BB.9 3Z0.3 26._74 6.53 1k.65 _87

_0 0.13759 0.]128 0.0339 197,1 336.7 26.839 6._9 lk.20 691

k2 0.1;fib9 0.1Zbh 0.0310 213.7 362,; Z?.51; 6.65 13.52 815

64 0.15936 0.1391 0.0287 229.6 38_.9 28.131 6.;$ 13.03 _31

46 0.16965 0.1513 0,0267 2;5.0 316.6 28.702 6.62 12.67 5_7

;8 0.12921 0.1679 0.0251 260.0 639, T 29.235 6.61 lZ.39 961

50 0.1895q 0.1?_Z G.0236 ZT;,7 466.Z 29.736 6.42 lZ.18 525

52 0.19921 0.1852 0.022_ _89.2 68B,; 30.211 6.4W IZ.OZ S$8

54 O.ZOB?3 0.1969 0.0213 303,6 512.3 30.662 6.36 11.89 600

56 0.21813 0.2083 0,0203 317.9 536.0 31.093 6.69 11.79 612

5_ O.ZZ?;Z 0.2106 0,0193 33Z.1 559,5 31.506 6.54 11.73 623

bO 0.23663 0.2207 0.0185 3;6.3 582.9 31.902 6,59 11.69 63;

65 0.25931 J°ZSI3 0.0168 382.0 631.3 32.816 6.76 11,68 659

70 0.28166 0.7252 0,0156 618*3 699.9 33.705 7.00 11.18 681

75 0.303?0 0.2986 0,0167 655._ 259.2 3_°52_ 7.79 11.97 700

80 0.3?554 0,3217 0.013? _96.2 819.7 35.304 7.6; lZ,26 71B

85 0.337?3 0.3_; 0.0173 534.S 881.7 36.056 8.02 12.56 73_

90 0.36B28 0.3668 0.0116 576.6 965.; 36,783 8.;; 12.92 769

99 0.3902? 0.3_90 0.0109 620.? 1010.9 37.;92 8.86 13.31 766

100 0.6115r 0,6111 0.0103 666.9 1078.5 38.185 9.30 13.?0 778

120 0.49627 0.6979 C.O08S 871.5 1367.7 _.816 10.85 15.16 83_

130 0.58028 0.5fi33 0.0073 1100.9 1681._ ;3.730 11.8_ 16o09 891

160 0.66386 0.6680 0.0063 1343.5 ZOO?.; 45.;07 12.7Z 16.;; 968

180 0.74718 0.2921 0.0056 [589.1 2336.3 42.365 12.20 16°39 1005

ZOO 0.83031 0.836_ 0.0050 1831.5 2661.8 _9,059 11.95 16.16 1062

??0 0.91330 0,0193 _.00;6 2068.0 _981.3 50.58_ 11.63 15.81 1117

?;0 0°99620 1.0&_6 0._0;? ?298.1 3296.3 51,966 11.3_ 15.50 1171

260 1.07902 1.E858 0,0039 2522.5 3601.5 53.123 11.05 15,23 1222

280 1.16179 1.1688 0.0036 Z767.3 3903.0 53.?95 10.88 15,03 1271

300 1.Z_646 1._517 C.0033 2958.6 ;Z03,1 55.3?7 10.23 1_.82 1317

350 1.35108 1.3588 0.0029 5_89.7 ;9;0.3 57.599 10.5[ lk.65 lkZ6

;CO 1.65757 1,E_55 G.O0_S k012.7 5670.3 59.550 10.33 1_,56 152_

;50 1,86390 [,8771 0.007_ ;533.3 6397.? 61o263 10._[ 16,5; 161T

500 Z.GTO$3 _.0766 O.GC?O 5053.8 712_.2 67.793 10._0 1;._3 170;

550 2,_7666 2,7551 G.0018 5573.0 785_.7 6_.178 10.31 16,56 1786

600 2.48295 _,;913 0.0012 6095°1 8575.1 65,663 10.33 1h,_5 1565

TO0 ?.mgsso 2.90_1 0.0014 71;0.2 10035.7 67.691 10.;8 1_,61 ZBIZ

800 3.30800 3.3167 C.0013 819?.9 11900.9 69.6_6 10.57 16.70 ?167

900 3.T?048 3.729_ 0,0011 9?56.3 12976,8 71.363 10,70 1_,82 2273

1000 4.1379; ;.1417 0.0010 10333.6 1;366,9 72,955 10.86 13,98 _391

1ZOO ;°9576; ;._E_7 0,0008 179;3.q I?SO[°T T5.709 11._ 15.37 Z605

1400 $.78771 5.7916 0.0007 13836.b 2061).3 78.116 11.68 1_.80 2799

1600 6.60F63 6.fl&_ C.OO06 17216.3 Z]BZ3. q 80.232 12.11 16.?; 2978

1800 T.;SZR; 7.h_13 0.0006 lq688.4 ?_L?[.? 82,136 1?,$6 16.69 31_5

?000 8,259wI 8.?(_? 0.0005 Z?273.7 ]053].1 83.99q 13.18 17.33 3297

?SG_ 10°_6066 1_.3_8_ C._O0; Z9717,_ 600_fi.1 90,_8_ 17.?? 21.77 3609

3000 12.69Z52 12,3904 G.0003 _I?56.5 539_.0 98.9_0 ?9.75 16.03 3869

• TWO-P_ASE BCUN]ARY
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TMERNOOYNAMIC PROPERTIE5 OF PARAHYOROGEN i_ .

-_ : .,4__ `%
C_2

TENPERkTURE OENSITY V(OM/DV_ v(DPIDU) V -V(DP/DV) T -(DV/OT_IV THERMAL VISCOSITY rHERMAL DIELECTRIC PgANDTL-- CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

OEG, K KGICU M KJIKG NPA-CU MIKJ MPA IlOEG. K W/K-N KGIM-S 5Q MIMQ
X 10 Z K 103 X 10 ?

4 14,133 77,5763 656,0 0.25522 95,7614 0,00q76 76,69 260,9q 0o0005_ 1,25355 2,1723

15 7@.8975 649.7 0.Z6818 09.1999 0,01061 86,18 233.50 0,30_5_ 1,25116 1.8875

16 76,073_ 6_.3 0,2382? 81.6612 0,0117_ 90.61 207.98 0.00050 1.Zk876 1,672_

17 75.1902 666.1 0.22890 75.6113 0.01198 g_,58 187.17 O.QOOSg 1.?_516 1.5266

18 74.Zb_8 6_I.8 0.22106 69.9161 O.OlZ?_ 97.50 170.06 0.0005_ 1.?_192 1.6251

19 73.2979 637.5 0.21633 66.6858 0.01358 99._0 IS5.7_ _.0005b 1.73852 1.356_

ZO ?2.2609 629.1 0.Z0842 58.9352 0.01_58 101.04 1_3.51 0.00055 1.23_95 1.3027

21 71.1846 618.6 0.20301 53.5525 0.01570 I02.9_ 132.90 0,0005_ 1.73117 1.25_1

ZZ ?0.0303 6_6.8 0.19798 48o1167 0.01705 106,07 123.57 _.00052 1.27716 1.72_1

73 68.7931 588.6 0.19320 _2.7839 0.0186_ 10_.53 115.09 0.00050 1.72286 1.2083

24 67.W5_1 560,5 G.I8836 37.3608 0.0206_ 10_.35 107.38 0.000_7 1.2182_ 1,2077

Z5 66.0015 567.2 0.18315 32.ZZ61 O.OZ_9_ 103.58 100.25 0,000_5 1,213Z? 1.2173

26 64._069 5Z?.& 0.17735 27.0976 0,0_60_ 107.18 93.53 0.00062 1.20773 1.266?

27 6_.6375 493.8 0.17066 72.1181 0.03006 100.19 87.08 0.C0039 1.20L66 1.7900

_8 60.6157 661.3 0.1_232 17._767 _.035&0 97.53 80,74 0.00035 1.19_75 1.3E71

29 58,2362 W_3.5 0.15281 $Z.617& 0.064_6 96,0_ 76._8 2.00031 1,15665 1.5007

30 55,_770 378.6 0.1_12_ _.2053 O.Obl_ 09,37 67.41 _.00025 1o1766? 1.75_

31 51.0906 320.0 0.32579 _.0067 0.10589 65,b9 59.79 0,00010 1.1675_ _.3_50

• 31.240 49.6094 3C_._ 0.11970 2°9465 0.13513 86.72 5E.?? 0.00015 1.15759 2.67?9

• 31.748 14.3567 ZO_.Z 0.069_3 0.3054 0.Z5?98 49.56 71.45 0.0007_ 1.0w393 _.2578

32 12._317 720.6 0.07010 0._557 0,1_350 40,71 ZO.Bq 0.00037 1.03797 1.BZOZ

33 11,0_78 _O.Z 0.070?7 0.5646 0.09932 37.56 70.7_ _.00051 1.03369 1.3169

34 10.11_7 _5_.8 0°07115 0o_340 0,07916 36.34 Z0.83 0.00064 1.03081 1.1_50

35 9,4056 272.3 0.07164 0.6842 0.06708 35.87 71o05 0.00075 1.07863 1.0719

36 8.833b Z87,3 0.07186 0.7230 0.05086 35.75 Z1.3Z 0.0008_ 2.0_687 1.0083

37 _.3550 3_1.8 _.07107 0.7541 0.0578_ 35,84 _1.67 0.00097 1.0_540 0.9618

38 ?.9_64 31_.0 0.07196 0.779_ 0.04815 36,05 21.95 0.0D107 1.0761_ 0.9Z63

39 7,5856 379.9 0.07188 0.8014 0.04440 36.36 ??._9 0.00115 1.07304 0._987

60 7.Zb77 363.6 0.07177 0.8199 0.0413Z 36,72 22.66 0°001_8 1.0Z207 0.875Z

47 6.7256 370,5 0,07165 0.8499 0.03640 37.58 ?3.36 0.001_ 1.07041 0,8401

64 b,7759 396.0 0.07108 0.8731 0.0378_ 38.56 Z_.O_ 0.00170 1.01906 0.81_Z

46 5.8943 k??.6 0.07068 0.8917 0.0_998 39.6? ?k. B3 _.00151 1.01787 0.79_1

48 5,564? 4_8._ 0,0_024 0.9067 0.02765 60.73 _5.57 _.0071_ 1,01607 0. P781

50 5.2750 473.7 0,06976 0.9192 0.07571 _1.88 _6.31 0.00_35 1,01599 0.7651

5Z 5.0198 _99.2 0.069_ 0.9?96 0.02407 43,0_ Z?,O_ 0.00?57 1.015_1 0.75_5

54 4.7908 5_4.8 0.06868 0.9354 0,0Z765 44,27 77.77 3.00?80 1,01451 0._657

56 4.584k 550.7 0,06004 0,9459 0.02141 45.50 ?&.49 0.0030_ 1.01388 0.7303

58 4.3971 576.9 0.06736 0.9574 0.07033 46.75 29.Z1 0.003?6 1.01331 0.7376

60 4.?761 b03._ 0.0_6b? 0.9580 0.01936 48.0B 79.91 0.00350 1.0177_ 0,7770

65 3.8564 673.1 0.06447 0.9691 0.0173W 51,68 31.66 0.00413 1.01167 0.7152

70 3.5506 76?.7 0.06195 0.9772 0.01579 55.32 33.36 0.00_7& 1,0107W 0.7102

?5 3.7928 878.3 0.05910 0,9834 0.01445 58.83 35.0? 0.00537 1,00996 0.7176

80 3.0718 915.3 0,05630 0.9881 0.01337 62°59 36.64 0.00599 1.00979 0.7163

05 Z,8800 10C8.9 0.05342 0.9917 0.01745 67.45 38.23 0.00671 1.00870 0.7117

90 2.7117 1108.6 0.05067 0.9946 0.01166 7_.37 39,78 0,00743 1.00819 0.7107

95 Z.5677 171_.7 0.0_811 0.9969 0.01096 77.19 41.30 0.00815 1.00774 0.7170

100 2.6797 13_3,3 0.04579 0.9988 0.01035 90.00 65.80 0.009?3 1.0073_ 0,6977

170 ?,0150 1786.8 0.03898 1.0032 0.00849 117,10 54.01 0.01380 1.0060_ 0.6991

160 1.7233 ZZZ�.Z 0.03557 1.0053 O.OD?ZZ 136.07 59.17 0.01767 1.00570 0,6996

160 1.50_3 _617.0 0.03_3_ 1.006_ 0.006?0 1_8.79 63.01 0.07155 1.00_55 0.69_8

180 1.338_ _9_.3 0.03_33 1.0066 0,00557 195.73 66.2? 0.0?555 1.00_06 0.6971

200 1.2044 37_6.6 0.03497 1.0067 0.00500 160,37 69.09 0.07971 1.00363 0.6952

Z_G 1.09_9 3_el.9 0.03586 1.0066 0.00w54 163.6_ 71.76 0.03403 1.003]0 0.693?

Z40 1.0038 3776.7 0.03_78 1.0066 0.00_16 166.52 76.30 0.03853 1,00303 0.6915

260 0.9_6& 3971.Z 0.03759 1.0067 0.0038_ 169.40 76.77 0.04371 1.00780 0.6900

780 0.8_07 kZZC,3 0.0387_ 1.0060 0,00356 17_.?_ 79.18 0.0_808 1.007_0 0.6889

300 0._036 4476.1 0.038?7 1.0059 0.00337 176.33 81.56 0.05317 1.00267 0.6879

350 0.6891 51_6.? 0.03950 1.0053 0.00285 186,67 87.4? 0.0665_ 1,0070_ 0.b863

400 0.6033 5865.9 0.03978 1.0048 0.007W9 198,]0 93.?0 0.0811_ 1.00167 0.685W

450 0.53_5 b565.6 0.03983 1.0064 0.00771 209.96 98.91 0,09691 1,00167 0.6869

500 0._830 7790.1 0.03983 1.0040 0.00199 ?71.97 106.56 0.11385 1.C01_6 0.68_5

550 0._39_ 8_21._ 0.03970 1.0037 0.00181 234.05 110.15 _.1319_ 1.00137 0.68_?

bOO 0.6077 B758,5 0.03971 1.0036 0.00166 746.13 115,67 0.15117 1.001_1 0.58_0

700 0.345_ 10753,3 0.03947 1.0030 0.00147 ?70.36 176.54 0.19797 1.0010_ 0.6837

800 0.3073 117_?.b 0.03917 1.0026 0.00175 79_.86 137.1k 0.23890 1.00091 0.6836

900 0.26_8 1137_.1 0.03664 1.0073 0.00111 319.87 167.50 0.28_96 1,00001 0.6837

1000 0.2470 15016.3 0.0380b 1.0071 _.0010_ k40,56 157.62 0._37_7 1.00073 0.5361

IZOO O,ZJI7 1_473.1 0.03675 1.0010 0.00083 511.13 177.Zt 0.59363 1.00061 0.537_

1400 0.1779 Z_16_,_ 0.03536 1.0015 _.00_71 583._2 196.01 _,76_? 1.00052 0.$310

1600 0.1513 26011.3 0.03410 1.0013 _,00_62 656._ 71_.15 0.96177 1.00066 0.57_7

1800 0,13_5 300?9.6 0.03788 1,0011 0.00055 733.37 731.70 1,17555 1.00061 0,577_

_000 0.1711 J_b91.6 0.0313_ 1,0008 _.O0_SJ _76.53 2_8.7_ 1._1797 1.0003& 0.5216

7500 0,0965 561_3,9 0,07_07 0.9969 _._006_ 1340,4_ 78_.95 Z,_0716 1.00079 0,4698

3000 0,0?88 1055_,7 0.01_Z 0.976? 3._003_ 3028.0_ 3_?.56 I,_065 1.0007_ 0,3_56

TWO-P_ASE BOUNOAR¥
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d

r j

;,[-(. K ,ik; M/< , E J M-_;_/_£

t!, 3.]I, _ 1.!91c

17 O. _iLj2 ¢¸ : . ! ; if

1_i 0._1 _:,_ • o,ILL ¸,

21 0.61,<47 O.Z;:_

2,J O. ;1"_) z C °_,r /E

_9 O.Ot_J 3.2i C3

35 0.C1755 .,. :_,_

3J J.;2dJJ U C;l_

_2,473 0.0{12_ -].ZLL!

3J C.bJ_J_ 3, L_'5

3_ O • ob[ I 2 U • Si qm

36 0._;'672 ].[_t_,

3T 8.Gq$27 G.Ct_.

3_ 0,0_58_ 3. U?gZ

39 O ._25 3. C _Ik _,

_,_ 0.09935 G.Cqt9

l._ 0.!179"3 0.127C

_b 3°126_ J.14_

_k 0. t J_ 52 J * I =-33

SO 0 ° l_b J. Itm_

52 0.15076 0.1773

6_ 0,15634 C.18_

5u 0 . 165_ 5. IU':_

5ri J. 17351_ G .l-l[?

60 O.l_O?Z 3. Ccl_,

_5 u . 19_75 O. E_*71

70 0.216:*_ 0.2720

75 0°23379 3. . _fl

fl@ O • 25_ 96 G. 31 =,"*

85 0,¢o?9o ;. 0_31

SO 0.2@_,_3 ['.3r¢0

q5 O. 3tllSq 3 3_6

I_0 0 • JtSJb _.¢, 111

120 O. IS:,_ 5 J.,,_"_']

I BO 0 .';79 J ? ] , ?c! 1

260 0._W35 I J. _ _,,

Z2G O • 7Q 7¢' I ] • 91 . :

_0 0 • 77Zj ? l • i t!(_

_6G O • 4l_I o I • : : "_7

;?60 0.90024 t • _ 7Zq

300 3. _64?q ; ._ 6_ 0

JSJ I • IZ_16 1 • _ 33

_JJ ! .2"$315 l.I 7[_

_.93 1.-_$ ,:, 1._7F ',

5_0 1,tO$1_ _,t-::

55_ I . /bd _2 _ . u_bO

bOO 1.9Z2 )Z " • _ cEq

ZOO 2.2_.I;,5 . mE c-I

5bO 2.56075 _. _l"

950 2.81902 3.7iL_

LUOO 3. 1"}_ _a .. ' ,._ _.

l'),J _. 113l_i L .6 _ l?

?Jr3 o. JgJ59 _.CZI_

2bOO _.3iPfl Âu..'_/"_

3.)UJ 9. 79_99 lc • _ _r}

TH6_MCITt,_MIC P_]I_r_TIES or P/Iq_HYOROG£N

L _.7 -_LI"._

I¸ '7._ -_'L'.5

_U_l -?_.7

C '_? -77_.6

C • ?_ -2_" .3

C. /.?" ". 2 = .5

L . :2h ¸_ -L'C I ._

C .r ":.1 --15_.7

(-.197 _ -5.b

U.IL_ ]O.J

C .!760 II'_. G

0.6607 l_q._

0.0559 157.1,

0 . 0521 16_ .4

.C_Ot _15.1

C._3_q 2J1.8

C .3 ;4s 21,7.q

O,C]03 Z78.8

G.02_? dq_.8

0.5272 30".7
[ .C359 323._

O.G2_z 3J_.l

L .d223 37..7

O.OZC} ,.lt.7

G._187 _49.6

C.C171 _u'_.7

C._!57 571.9

C .Jl_ * 1",.3

[, •J I _r, 6_ : .8

G i7_ 15_7.2

"9 '_6 .5

f'. O'i_ 229i,.g

_._SJ ZSL'I,5

(.G0_6 i ?_*i.?

• _Ct, l 2357._

I ._f3? _lF,l

C • : C26 50- _ ).5

C.3_16 _I(-2. ?

C*] II 175U3.g

C..['C_ : °HY, ._

O.:C[o 2 ?d6 6.")

ENT_&_PY ENTROPY CV CP VELOCITY

or SOUND

KJ/KG KJ/KG'_ KJ / _G-K HIS

-:_..7 5,)43 _._9 6.7_ 1285

-?z_.7 5.79) $.0_ 7.ZJ 1_5J

-272.) E.2_5 5.25 7.66 1228

-25o.1 7.i_6 5.5o _.57 118#

-247.2 1.599 5.69 9.07 1161

-_3t._ _.05_ 5._I 9.60 1136

-22_.q m.513 5.ql 10.17 till

-?Iz.6 _.q?@ 5.99 10.79 106_

-206.5 9.g51 6.06 11._7 1055

-lq_,6 9.916 6.12 12.25 10Z3

-l_t.q 10._33 6.1Z 13.16 987

-16_.l lO.q_8 6.22 I_._3 966

-15{._ 11._8q 6.2Z 15.56 901

-llb._ 12.066 6.33 17._5 8_7

-tl_._ 1Z.697 6._0 _0.08 787

-q6.3 13._Z2 6._0 _.6_ 715

-67.0 i_.3_8 6.68 J_.71 620

_£._ 17,671 9.80 -13Zo1.84 351

81.1 18.866 9,hh 5@1,1_ 363

171.6 21.578 7.72 _2._8 h04

ZOb.7 22.558 7._3 28.61 _Z5

2Jl.l 23.2)9 6.9_ ZJ.Z3 _I

25Z°g 23.883 6._2 Z0.36 _55

Z?2.] 2_._00 6.7Z 18.5_ _6@

Z9_.Z 2_.865 6.64 I_._8 _79

10?.3 2_.2_0 6.69 I6,35 @90

134._ 26.05_ 6.53 15.07 51@

_67.5 2_.7J_ 6._) I_.22 5Z8

lqS._ 27.353 6._7 t3.63 5_k

_2?.? 21.9_3 6._6 13.18 559

_d.2 28._5_ 6._6 1_.85 574

_?1.6 28.953 6._ 1Z.59 58T

_9_.6 Zg. W2_ 6.50 IZ,Jq 600

52_.Z 29.87_ 6.53 12.2) 61Z

5_7.6 30.299 6.57 17,12 6Z_

57_.7 30.709 6,_Z 12.04 635

631,6 31,66a 6.7_ 11.95 660

6q1.5 32.555 7.02 1Z.00 68_

751.5 33.38? 7.)1 12.15 70_

_I$.1 3_.17q 7.65 1_.19 7_0

a?5._ 3_.939 8,01 l_.6q 736

q_o.t 35.6F_ 8._5 13.04 752

130u,_ 36,388 8._7 13._1 766

107_,2 31.0_6 9.30 13.79 781

1_65.0 3q.731 10.#5 15.Z_ @36

lo7_._ _2.152 11._4 16.13 893

ZJO_._ _.J35 IZ.?) 16°_8 950

?_35._ _6.275 tZ.20 16._ lOO_

2661._ _7.99P 11,96 16,16 1065

2_81.6 _9.516 11,6_ 15.83 1120

)3g_._ $0,879 11.3_ 15.91 llYl

3602._ 52.110 11.0_ 15.Z5 122_

J_0_.3 53.2)2 lO.a_ 15.0_ IZ/)

_,l 5_.265 10.71 1_.88 13Z0

_l.q 56.5]@ 10.51 1_.66 1_Z8

_72.9 58._ lO.al I_.57 15_7

?l?_.) 61.7)_ IO._O 1_.53 1706

IGJ)_.J _6.E$_ 10._ 1_,61 201_

ltSC_._ 68.5q7 10.5? tW.70 21@_

1_6_.; 71.e96 10._6 _.98 239Z

I/]]_.Z 7_.650 11.2_ 15.37 _607

_C-_21.l 77.65F_ 11.6_ 15._0 2801

_i_:,. _ 7_.I73 12.11 t6.23 298C

"?l?Z.g _I.076 12._5 16.68 11_6

105Z_. 7 _P.qt6 13.1X 17.28 )_99

53"6%; Q7.666 ??._L 13.qC 5077

[
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1.Zq2800 HPA 1503AR

THERMODYNAMIC PROPERTIES O_ PARAH¥OROGEN

TEMPERATJRE DEN5I[Y V(OH/DV)[_ VIDP/OU_,

OEG. K KGICU M KJ/KG HPA-CU _/KJ WIK-H
x 10 _ x 10 3

1_.22) 77.1316 6F4.! 0.25449 97,_607 0.00961 ??.35

15 77.1455 6E3.8 0.24860 92.3420 0.01016 8_,50

16 76.33r5 65_.5 0.23996 8k.1885 0,01105 90°83

17 ?5.4732 654,2 0.23054 70.0093 0.01172 95.10

18 7k.5678 652.Z 0.Z2264 72.2386 0,01245 98.19

19 73,62_0 649.8 0.21587 67.009_ 0.01319 100.11

20 72.6196 64_.4 0.20992 61.k904 0.01_12 101.8k

21 71,5645 631.5 0.20_7 55,9166 0.01520 103.83

ZZ 70.4k52 61_.6 0.199_2 50.k817 0.016_ 105o08

23 69.2537 6[3.8 0.19462 _5.2201 0.01786 105.66

2_ 67.96?8 5_6.1 0.18987 39.9/75 0.0195_ 105.62

25 66.5F9_ 566.0 0.18490 3_.8312 0.0216_ 105.01

26 65.075] 542.6 0,17949 zq,7379 0,02_2_ 103.82

2? 63.4185 517.0 0.17329 24.8318 0.02753 102.08

28 61.5718 _88.4 0.1660_ Z0.1288 0.03105 99.77

29 59.4406 _5_.6 0.1578_ 15.4766 0.03538 96.80

30 56.9770 _18.0 0.14833 11.2605 0.0_83 93.03

31 53.8752 374.2 0.13669 7.2696 0.06585 87.?k

32 49.5003 317.8 0.12082 3.556_ 0.11236 85.51

32,97_ 31.9741 190.6 0.06097 -0.00_6 -?3.80653 -5850.18

32.975 30.850_ 1_c.5 0.06180 -0,0028 -66,_6_63 "5289,75

33 25._217 Z_4.8 0.06448 0.0633 Z.k_661 2_1.60

3_ 16.6336 228.8 0.07129 5._952 0.18_81 50.08

35 14._079 2_7.Z 0.07296 0.656? 0.11577 43.73

36 13.0352 2P4,3 0.07355 0,7615 0.08?89 41,38

31 12.0376 2_._ 0.07387 0.8358 0.07258 40.31

38 11.25_Z 2_6.0 0.0?395 0.8927 0,06_67 39.82

39 10,6104 311.1 0.0?389 0,9380 0._5554 39.64

_0 10.0653 325.9 0.07374 0.9753 0.05017 39.65

42 9.1792 35_.5 0.07332 1,033_ 0,0_250 _0.03

4_ 8._?8k 3P2.3 0.07281 1.0767 0.53?Z0 40.69

46 7.9028 _09.6 0.07227 1.1102 8,03328 _1,51

48 7._1_4 436.2 0.07170 1,1370 0.030Z3 42ok5

50 7.0001 _6_.7 0.07111 1.1588 0,027?7 k3.h7

52 6.4357 489.0 0.070_0 1.1768 O,OZ5T$ _4.5_

5_ 6,3136 515._ 0.06984 1.1919 5,02_0_ _5,66

56 6._26_ 5_1.9 0.0691_ 1.20_6 0.02258 46,81

58 5.?6?8 568.6 0.06839 1.215_ 0,02131 47.98

60 5.5334 595.0 0.06759 1.22_8 0.02520 _9.26

65 5.0315 666.3 0.06533 1.2433 0.01793 52.?_

70 4.6Z10 ?kl.6 0.06271 1.2567 0.01618 56,Z9

75 _._77_ 8E_.8 0.05986 1,2667 0.01_77 59.6?

80 3.9848 910,3 0.05690 Io27_3 0.01361 63.38

85 3.7319 100_,2 0.05396 1o2802 0.0126_ 68.21

90 3.5109 1104.2 0.05115 1,28_9 0.01180 73,05

95 3o3158 1209.7 0.0_85_ 1.2886 0.01108 7?.09

100 3.1_21 1319.? 0.04618 1.2916 0.0E0_5 90.19

120 2.6025 1783.0 0.03923 1.2987 0.0085] 117,13

140 2.224_ _22q.2 0.03577 1,30E0 0.0072_ 136.07

160 1,9_38 2618.5 0.03450 h3034 0.00629 148.31

18Q 1.?Z59 _947.3 0.03_48 1.3039 0.00557 155.78

ZOO 1.55_0 3230._ 0.03510 1.3040 0.00500 160._3

220 1,_128 3_86.8 0.03598 1.3039 0.00_5_ 163.73

2_0 1.2953 3?32.1 0.03689 1.3036 0.00_16 166.62

260 1,1959 3977.2 0.03769 1.3033 0.00383 169.60

280 1.1108 _22E.7 0.03835 1.302q 0.00356 172.87

300 1.0371 _W03.0 0.03886 1.3026 0.00_32 176o46

350 0.8894 E153.6 0.03958 1.3017 O,OOZS_ 186.78

kO0 0.7788 5_53.7 0.03985 1.300R 5.00249 198,18

_50 0.6927 6573.5 0.03989 1.3001 O.OOZZ1 210.16

500 0.6Z3T 7298.3 0.03988 1.2995 0.00199 222.20

550 0.5672 8030.0 0.03983 1.2990 5.00181 234.30

600 0.5202 8767.G _.03975 1.298_ 0.00166 246.40

TO0 0._61 10762.1 0,03951 1.7978 0.001_2 270.6?

800 0,3905 11796.5 0.03915 1.2972 0.00125 295.22

900 0.3_72 1_3P1.2 0.03867 1.2967 0.00111 320.22

10C0 0,312_ 15023.5 0._3809 1.2963 0,00103 k40,56

1200 0.2606 18482,E 0.036?? 1.2958 _.50U_3 511,13

1_0o 0,2235 2_1_9.5 0.03538 1.7954 0.00071 583._1

1600 0.1956 ZtOI?.5 0.03412 1.2950 0.0036Z 656.28

1800 0.1739 300E6.8 0.03292 1,2947 0.000_ 732._2

2000 0.1565 3_6[T.6 0.03145 1.29_3 O.O00S_ 822.87

2560 0.12_8 529E2.2 0.02469 1.7897 3.00940 1795.97

3000 0,1071 99603.9 0,01512 1.2660 3.00_34 2806,93

TWD-R_ASE BOUWOARY

ORIGLq a--

OF POOR QUA_**,

-V(OP/OV) T "(OVIDT_j/V THERMAL VISCOSITY TMFRHAL OIELECTRIC PRANDTL
CONDUCTI#ITY _IrFUSIVIIY CONSTANT kUMBEP

MPA 1/DEG. K KG/M_S _0 M/H _
X 10'

262.81 3.00056 t.25411 2.15h5

238,11 0,0005_ 1.25201 1.8998

212.01 0.0005_ 1.2_g19 1.6873

190.76 0.000_ 1.2_615 1.537_

173.31 3.0005_ 1.2429_ 1.4327

158.77 3.0005? 1.2396_ 1.3597

146.28 0.0005_ 1.23617 1.3025

135.51 3.0005_ 1.2324_ 1.2526

126.02 3.00053 1.22860 1,219T

117.53 _.00051 1.22_5 1.1997

109.81 0.0004q 1.22001 1.1929

102.67 3.0004b 1.21521 1.19_

96.02 _.00044 1.2100_ 1.2167

09,69 0.00041 I.?043_ 1.2502

83.56 0.0003? 1.19301 1.3029

TT._7 _.0003_ 1.19081 1.3965

71.26 _.00029 1.18237 1.53T9

6_.60 3.00024 1.17193 1.8140

56,?_ 5.00017 1.15/23 2.3699

35.91 3,00004 I.cgq?I 8.9q69

34,93 _.0000 _ 1.09609 8.7585

30._5 _.00007 1.07873 6.3152

24.13 _.50026 1.05103 2.0376

23.2? 0.00038 1.0_09 1.5227

23.04 3.000_9 1.03983 1.2929

23.0_ 3.000_q 1.03675 1.1633

23.16 0.00069 1.03_32 1.078_

23,36 0.0007_ 1.03234 1.0183

23.60 0.00087 1.C3066 0.9731

_4.17 3.00104 1.02793 0.9096

24.80 O.O012t 1.0257_ 0.8668

25.46 0,00139 1.02_02 0.8356

26.1_ 0.00156 1.02253 0.8118

26.83 3.00124 1.C212_ 0.7931

27,53 0.00192 1.07014 0.7202

28.23 0.0071] 1.01915 0.7660

28.92 _.00229 1.01828 0.?559

29.61 3.00?47 1.01749 0.7479

30,30 0.00266 1.01677 0.7_05

32.01 0.00316 1.01524 0.7292

33.68 0.0036R 1.01399 0,71T8

35.31 0.00413 1.01795 0.7192

36.91 0.00462 1.01206 0.7216

38.48 0.5051_ l. Oli2g 0.7160

40,02 0.005?5 1.C1062 0.7141

41.53 _.00E31 1.01003 0.71_8

k5.84 _.00749 1.00990 0.7009

54.01 0.0106_ 1.00786 0.7016

59.17 0.013E5 1.00672 0.7015

63.03 0.01667 1.00587 0.7002

66,25 0.5197R 1.00521 0.6982

69.12 _.07301 1.00_69 0.6960

71.T9 0,02636 1.C0_26 0.6939

74.3_ 0.0_q_6 1.00391 0.6920

76.81 0.5334_ 1.C0361 0.6905

7g. Z3 3.03726 1.00335 0.6892

81.62 0.04117 1.00313 0.6081

R7.49 5.0515_ 1.0026_ 0.6864

93.27 3.06289 1,00_35 0.6855

98.99 0.07511 1.0020_ 0.6849

104.65 0.0882_ 1.0018_ 0.60_5

110.25 2.10777 1.00171 0.68_2

115,79 0.11T17 1.00157 0.6840

126.68 0.14952 1.0013_ 0.6837

137.3C 0.1_515 1.0011_ 5,6836

1_T,68 0.2239x 1,0010_ 0.6837

157.81 3.3385_ 1.C009_ 0.5368

177o44 0._5q42 1,00079 0.5335

196.28 )._q_P_ 1.00067 0.5317

214,45 3.74417 1,0005g 0.5304

232.03 0.q092L 1.00057 0.57_4

2_9.10 1.09_31 1.00047 0.52_

290.31 1.76030 1.C0038 0.475?

332.51 ?._1717 1.G0031 0.4018
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C-3

1,50 4PA ISOBAR

THERMODYNAMIC PROPERTIES Or PARAHYDROGEN

IEMPERATURZ VOLUME ISOTHEPH ISOCMORE INTERNAL ENTHALPY ENTROPY CV CP VELOCIIT

OERXVATIVE OERIVATIVZ ENERGY OF SOUND

DEC, K CU MIKG CU M-MFA/KG MPA/K KJIKG-K KJIKG KJ/KG-K KJ I KG-K _IS

IW.296 0.01Z85 X.2672 0.9373 -308.3 -289ol 5.001 ;.7W 6,38 1306

15 0*0129J 1,2227 0.9;02 -303.8 -20_.; 5.316 _.09 6.70 1295

16 0.01307 1.1232 0.93_8 -297.1 -777.5 5.7_q 5.07 7.20 1263

17 0.01321 1.{5_7 0.9197 -289,9 -270.1 6,212 5.25 7.62 [240

18 0.013]7 0.9038 0.9049 -282.3 -26Z,3 6.660 5.41 $,06 1217

19 0.0135_ 0.9302 0.8898 -27_.3 *25_.0 7,109 5.56 0.52 1194

20 0.01372 _.8_75 0.873_ -265.8 -Zk5.2 7,559 5.69 9.00 1172

21 Q.01392 O,e_ 0.8561 -256.8 -235.9 8.010 5.80 9.51 1148

22 0.0141_ 0,7_07 G,8365 -237,4 -726.Z 8.k65 5.90 10.06 1123

23 0.01w37 0,6765 0.81_7 -237,_ -215._ 8.925 5.99 10.65 1097

2_ 0,0146_ 0.6103 0.7902 -226.8 -20_.8 9.393 6.06 11,32 1068

25 0.01_93 0,5_E6 0,762_ -215,5 -193.1 9.870 6,12 12.05 1037

26 0.01526 0._806 0.7310 -203.6 -180,7 10.358 6.17 12.92 1003

27 0,0[56_ 0._190 0.695] -190.8 -167,$ 10.862 6.22 13.8; 966

28 0*01608 0.35_ &.6555 -177.0 -152,9 11.38_ 6.26 [5,04 923

29 0.01661 0.2909 0.611J -162,1 -137.Z 11.939 6.32 16.59 87_

30 0.0:736 0.2295 0.5_22 -1_5.5 -119.6 12.5]5 6.38 18,68 820

31 0.01_I0 0,1686 0.5067 -126.6 -99._ 13.196 6,_5 Zl,92 751

32 0.&1930 0.1106 0,W411 -103.9 -75.0 13.971 6.57 27.61 682

33 0.0Z1_0 0.053_ 0.3575 -73.3 -41._ 15.009 6.80 _2*98 501

3_ 0.03016 0.C078 0.20_8 -1.9 _3.; 17.524 8.76 17_.96 395

35 0.0408_ O.CZ_5 0.1167 77.1 150.; 20.638 7,70 54.07 415

36 0.0S798 0,0;08 0.09k2 104.8 291.8 21,806 7.27 33,56 _34

37 0.0649_ 0,0_2 0.0817 _23.7 Z21.2 22,612 7.02 26.25 450

38 0.0708Z 0.065_ 0.0737 138.9 Z_5.1 23.250 6,84 22.59 465

39 0.07614 0.0761 0.0668 152.0 266.2 23.790 6.7_ Z0.01 4_S

_0 0.08105 0.08_7 C,0620 163,8 285._ Z_.284 6,67 18,k4 487

_2 0.09006 0.1030 _.0546 185.0 320.1 25.131 6.58 16.40 508

_ 0.09836 0.1186 0.0_92 204.1 351.7 25.866 6,53 15.23 526

_6 0,10610 0.1331 0.0_50 222.0 _81.2 26.52k 6.50 1k,40 543

48 0.11365 0.1_7 0.0_16 238.9 ;09._ 21.1Z3 6.49 13,81 599

50 0.1Z085 0.15_7 0.0388 255.3 _36.6 27,678 6,_9 13.37 573

52 0.12785 0.17_1 0,0363 271.2 ;65.0 28.195 6.51 13.03 587

5_ 0.13_67 _.18_C 0.03_3 286.7 _88.7 28.6_2 6.52 12._? 600

56 0,141_5 0.195_ 0.0324 302.1 51_.1 29.1_3 6.55 12,56 612

50 0.1_792 0._0_ 0.0308 31_.2 53_.1 29.581 6.59 12,41 624

60 0.15_39 0.2178 0.029; 332.2 563,8 30.0_0 6.6k IZ.29 635

65 0.17022 0.2443 0._263 369.5 62;.8 30,977 6,80 12.15 661

70 0,18567 0,2698 0.0239 407.0 685,5 31,077 7.03 12.16 683

75 0.20084 0.29_5 0.0_0 4;5.3 7_6.6 32,720 T.3Z 12.28 ?03

80 0.21580 0.3186 0.0203 484,8 805.5 33.519 7.66 12.50 721

85 0,23060 _.3_23 0,0190 525.8 8_1.7 34.285 8,04 1_.78 738

90 0,2_526 0.3655 C.0177 568.6 936.5 35.025 8,45 13.12 ?53

95 0.25981 0,3885 0.0167 613.2 1002.9 35.7_ 8,88 13.48 760

100 0,27427 0,_112 0.0158 659.9 1071.] 36.4_5 9.31 13.05 ?82

120 0.331_2 0._9_9 0.0129 865.9 1363.1 39.099 10.86 15.26 838

1_0 0.38?90 C.5868 0.0110 1096._ 1678._ _1.526 11.84 16,16 895

160 0.k_397 0._724 0.0095 1339.7 2005.7 43.712 12.23 16,50 952

180 0._977 _.7572 _.0084 [585.8 2335.5 k5.655 12.20 16._4 1010

200 0.55538 0._415 0.0076 1828.? 266[.? k7.373 11.96 16.17 1067

220 0.61087 0.9255 0.0069 2065.5 2901.8 _8.898 11.64 15.04 1122

ZkO 0.6662r 1.¢091 0,0063 2295.9 3295,3 50.262 11.3_ lS,$2 1175

260 0.72159 [.0926 0.0058 2520.5 3602.9 51,;9_ 11.08 13.25 1226

280 0.77685 1.175_ 0.005_ 2740.5 3905._ 52,616 20.08 15.0_ 1275

300 0.83206 1._591 0.0050 2957.1 _Z05.Z 53.650 [0.73 1_.88 1322

350 0*9699k 1.;665 0,_0_3 3_88,1 4943.0 55.923 [0o51 14.66 1_30

_00 1.10_69 [.f735 0.0038 _031.8 5673.3 57.8?5 10._3 14.57 1529

_50 1.2_536 1.8_03 C.003_ _532.5 6_00.5 59.589 10.41 1_.54 1621

_00 1.38297 2.08_9 0.0030 5053.2 71_7.7 _1.120 10._0 14.53 1708

550 1.52056 2.293_ 0.0027 5573.5 7_5_.] 62.505 10.41 14*54 1790

600 1.65812 2.;999 0.0025 609_.6 8581.8 63.770 %0.43 1_,56 1868

700 1.93319 _.9127 0.0021 7139.9 10039._ 66.018 [0.48 14.61 2015

800 2.20822 3.32_3 0.00[9 8192.6 1150_.9 67,9_; 1_,57 [R.70 2150

9GO 2,k8322 _.7379 0.G017 9256.1 12980,9 69.710 10.70 [4.83 2276

1000 2.75821 _.]505 0.0015 10333.G [_70.? 71.283 [0.86 [_.98 2393

1200 3.30816 _.o755 0.0013 125_3.8 17506.9 ?_.036 11.2_ 15.37 2600

1_00 3,85809 5.8004 ¢.0_11 1_83_.5 Z0623.6 76._3 11.68 15.80 2802

1600 _._080_ 6.E253 G.0009 17215.9 _3827.9 78.560 12*11 16.23 2980

[800 _.9581_ 7.;5C2 0.0008 1_6_6.0 2712J.3 80.46_ 12.5_ 16.67 3147

2000 5.508)8 _.77£1 O.OOOB _22_3.3 _OSZo._ 82.321 13.1[ 17.26 3301

2500 6.90505 10.3372 0.0006 29558.6 ]991_.2 88.8_5 16.55 Z0,98 3620

3000 8.42b75 ]3._953 C.OO05 _0263.2 52903._ 96.920 26.9_ 32.79 3881

TNO-P_SL BOUNDARY

r"

Ir:

L

II



i

1.5J MPA IS03A_

TENPERATJR: OENSIIY V(9_/_V}

DEG. K KG/CU M <J/K6

" 14.295 77.8506 bl_._

15 77.3176 673,7

16 76.5_0/ b£1.5

%7 75.6752 664.C

18 7_.7864 6_J.C

19 73.SW80 652.q

ZO _Z,8512 b_l.Z

21 71.SZ51 6&l.a

22 ZO./]Gt 62g.@

23 69.5672 615.Z

24 68.3123 5¢7.3

25 66.967_ 57_,_

26 65,5158 5_5.8

27 b3.gZ53 533.?

2_ 62.1792 SOS.8

29 60.2136 475.4

30 57,9_78 441.g

3L 55.2_27 4£3.0

32 51,8031 358.1

33 46.7258 3L0.0

3_ 33.160Z 2_.I

35 20,_766 232.5

36 17.2459 2_1.0

37 15,3982 2{8.1

38 14.1Z09 2B4.3

39 13,13_3 299._

40 12.33B3 314.6

42 11.1031 3_4,8

44 I0.16_4 373.1

46 9.4kSu _tl.l

4_ 8.2991 4_m.5

52 7.0_9 W82.5

5_ 7.4254 509.4

_6 7.07_W 535.3

58 6.760] 56_.4

60 6.4171 5q0.9

65 5.8148 6£2.0

?g 5,3859 737.8

75 4.9790 519.3

o_ 4.6339 9C?.I

85 _.3366 1001,3

90 4.677_ 1t11.5

95 3.8490 I207.2

I00 3,6w61 t317,4

120 3.0173 1782.0

14_ 2,B78_ 2229.3

150 2.252_ 2619.8

180 2.00O9 2949.5

200 1.80C6 3233.3

220 1._370 3_g0.3

240 1.5009 3736.1

Z60 1.3858 39_1.5

Z80 1,2872 4231.2

300 1,2018 44_7.9

350 1.0310 5158.8

400 0.90Z_ 585q.Z

450 0,8030 657g,2

500 0,7231 73O_.2

550 0.65t7 8035.0

500 0,6031 8773.C

700 0,5173 1_268.3

800 0.4529 _BOZ.8

900 0.40Z7 133_7.b

LOOg 0,3626 15030.0

1_00 0.3023 18489.4

1400 0.2592 Z217£,3

1600 0.2Z59 26022.7

1800 0.Z017 300_2.1

2000 0.1_15 3W565.5

2500 0.1448 52356,5

3000 0,1181 965£6.1

* TW3-P_ASE BOUNDARY

T_RHOJY_:AMXC PPOPFRTICS 0 r PARAHY�U35_I_

¢ (OP/OU) -V (_P/t)V)
V 'I

HPA-CU _/_J MPA

X I0"

0.25391 93.65_.3

0 .2(,_q qwo5348

0 .2_110 _5.9509

C .23165 &0.1912

G .22321 7_,o3219

0 .2 Ib_ ? 6_. 6960

0 .2 [090 63. 2062

0.205_7 57.7812

.20045 52.3926

0 • i 9561 47.05c_4

0 • ! ")O_g _1.6902

6 . 13604 36.60T2

O.130_S 31.4849

0. ! 7u.q_ _6.7877

0.16830 ??.0382

0.16_72 17.5116

0.15217 13.2993

0.14212 9.3188

0.I_97_ 5.7282

0.11254 2.4954

0 .C?050 0.258_

0.07402 0.5012

0. [_7512 0.}'044

0 .07557 0._3_9

0.C2621 0.9270

0.C2552 0.9995

0.0?535 _.0570

0.02481 1.1436

0.07_.16 I.._062

0.(37349 I._5]_

D.O?Z81 1.2912

0.07213 1.3213

D .07143 1.3460

0.07070 1.366_

0.06991 1.3836

0.06913 1.39_3

0 .06830 1.h109

0 .06595 1o4355

0.0o326 I._,513

0.0bC35 I°_,665

0.0_733 1.4766

0 .05435 1.48(,3

0.05150 1._905

0.0_886 l°m. g53

0 .04646 I. 49q_

0 .C ]942 1°50_5

0.03591 1.5126

0.03462 1.5145

0.03458 1.5151

0.03519 1.5152

0.03005 1.5150

0 .036_6 t.5146

D.03276 1.51_I

O .0]842 1.5136

0 .C 3892 1.513_

0 .03963 L.5119

0.03989 1.5108

0 .0399_ 1.5098

O ,0 3992 1o50qO

0.03986 1.5083

0,(_ 3978 1.5077

G .O 3954 t.5667

0.03917 I._059

, 03869 t .6053

0.03811 t.50_8

u.03678 _.* 5040

0.03539 L,5034

0.03414 1.5030

0,03294 t.6026

0.03152 1.5021

C,D2603 1.4971

0.01564 1°4714

-(BV/DT)/V THERMAL ¢I%COSITY TMERMCL qlFLFCTelC PQ_N_IL

}_ CONDU£TIVITY DI_:JSIVTTV CO'4STANt r,_M_F o

L/OEG. K W/K-_ KG/M_S SO _/HP
X 10 _ X 10

_.QO_BL 7_._ 2E_,Oq _,OOC_ L,?_51 2.1424

0,00_95 84,72 2_1.40 0,0006_ 1.2526_ I._0_1

O.OIOR) qi.13 214.8_ _.00['£_ 1.24_3 l. Bq_]

0.01147 95,_7 lq3._I 1.0306; 1.2_6_7 _.5_29

0°0121_ q8.6_ 175.22 ].00059 L.2_75 1,43_9

0._1382 102._q 14_.2_ 3._005F 1.23701 1.3034

3.01_8_ 10_._6 I_7.]7 ],]00_ _ 1.233_I 1.2_05

3.015g" I05,7_ 127.7n 3._005_ 1.22_5_ 1.21_8

0,0123[ 106,44 11q.8E _,0005 _ L.22555 1.1g]3

O.013qS ICb._8 111.4_ ].0005_ 1,?_120 2.185]

0,02322 I04._I 07.22 ].OOG_: ¸ 1.21154 1.2021

0.0_596 I03._? 91.43 J.90042 1.20_0_ I,??_7

0.029x_ I01.22 85._? ].30039 1.2300_ I._

0.03_9_ 9_.55 79.5? J.OOQ34 1,19]_ :._301

0.0_227 95,%9 73.5_ _._0032 I._5_? 1.4_1

0.05443 _O.bl 67._5 3.00022 1._7651 1._322

0,07241 86.46 60.I_ J._OC? _ 1.1E_9] i.q411

0.I_32_ 85.30 52.63 ].dO0!_ 1.14799 2.6_I_

0.T9145 I_0,16 Y7.31 3.00007 1.1035_ _._322

0.2326_ 59.13 27.31 J.CO01_ 1,0_33_ 2._976

0.%3372 &8,_7 _,44 _.0003] 1.0_?q_ 1.7_37

0,00284 _5.37 ?_.75 3.0004_ 1.0_?17 _.4320

0,07946 43.21 _.50 0.0004q 1.0_320 1.266_

0.05687 _2.72 2_.86 3.3005q I.C_01_ 1.1457

0.05362 42.27 ?4,54 ).00067 I°0376_ 1.0705

O.O_t?? 42.09 ?4,90 J.OC_ _ _.033_6 0.97_0

0.0_081 4_._I 25,_0 ].030g_ 1.03097 o,q180

0.03591 43.01 26.9_ J._0114 1.02_67 C.8E_9

0.03_2_ 43.79 26,60 0._013_l 1.026?7 0,83_9

0.0_93_ 44.69 27.25 J.0014 _ 1.02516 0.8152

0.02200 45,66 27.01 3.00161 L.02377 0.796_

0.0_507 _6.?0 2_,58 0.00172 1.02255 0.7815

0.0Z383 k?.?_ ?q.25 ;].0010_ L.0214_ 0.7691

0.02_02 _8._0 ?9.9? J.O0?10 1.02052 0.75_3

0.02_81 5Q,L_ 30.60 J°O0222 1.01946 0.7604

0°01835 53,51 3_._6 0,002?0 1.0128L 0,73?5

0.016_ 56,gq 33.91 0.0031 _ 1.016_2 0.7234

0,01_99 60,_0 3_.52 0,00355 1.0150_ G.7239

0,01374 6],%E 32.11 O.O03q? 1.0140_ 0.225_

0.01_77 68.?5 3_.6_ 0.00_4_ 1.01313 0.71m9

O.OllqL 73.56 40.tq J.00495 1,0123_ O.71bB

0°01116 78,39 41.bq ].03544 1.01165 0.2158

0,01052 90,34 45.87 _.00644 1.01L0] 0.7035

0.00856 112.17 S_.01 3.00g16 1.00912 0,7_8_

0.00725 136,09 59.1_ ].0117_ 1.00779 0,702_

0.00530 148,_3 63.04 0.01437 1.00680 0,7012

0.30557 156._I 66.27 3.01706 1.00604 0,6900

0.00500 160.4_ 6q.14 ].Olq_ 1.00_ 0.6966

9.00454 163._ 71.32 J.0227_ 1.004q4 C.6944

0.00415 166,69 74.37 3.0252_ I.G0_5_ 0.Bq?_

0.0038_ 169.68 76.8_ J.OZ_O 1.0041_ 0.6908

0.00]56 172.96 79.27 3.0321_ l. OOI_ 0.6094

0.0033? 176._6 _1.65 3.035_ 1.00_63 0.6883

0.0028_ 186.8_ 8?.63 3.04_52 1.0031L 0.6855

_.00_40 198.81 98.32 _°OS42_ 1.00272 0.6856

3.30_21 _1_.JI 99._5 )o06_3 1.00_42 0.6850

OoO01q_ 222,]5 10_.72 3,07617 I,00218 0,684S

O.OOt81 234._? It0.33 ].08q22 1.0019_ 0.6842

0.00166 2_6,59 115.87 3.$011] 1.00182 0.68_0

0°00142 270.80 1_6.77 0.I?_0_ 1.00166 0.68_7

0°00125 Z_5,47 137.81 ].15q?_ 1,00137 0.6836

0.00111 320,50 I_7.80 3.19326 1,00121 0.6837

O.OOLO0 440,56 157.3_ ].291q_ l°OOtOg 0.5372

3.0038l S11.13 172.b0 J.1961_ 1.000_! _.63_0

0._0]71 583,_0 1_6,_? ],5126_ 1.0007_ 0.532_

0.00_6_ 656.?0 214°66 _.64152 _.O00b_ 0.53L0

0.00J68 731.95 232.26 ],783_? 1.C0061 0.52a0

0.0005J 8_0,_6 249.]6 ).9433_ %.00065 0,52_2

0°000_0 L272.?0 _q0.58 1.50767 1.00044 0,4791

_.00034 2689,20 332,68 2._q770 I,G0036 O._OS6

L
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C 2

Z.O0 MPA ISOBAR

THERMODYNAMIC PROPERTIES Or PARAMYOROGEN

TEMPERATURE VOLUME ISOTHERM ISOCMORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERIVATIVL DERIVATIVE ENERGY OF SOUNO

OEG. K CU N/K@ CU M-MfiA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

* 1_,W57 O.OLZBO L,299_ 0.9_07 o308.1 -281.5 5.013 4.7? 6.38 1319

15 0.01287 1._550 0.9_9 -304,? -ZTB.g 5.254 4.88 6.63 1311

16 0.01300 1.]_50 0.9h]5 -298.1 -Z72.1 5.696 5,06 7.09 1Z88

17 0.01313 1.1C95 0.9322 o291.0 -26W._ 6,138 T.Z3 7.53 1264

18 0,01326 1.041_ 0.9117 -183.6 -257.0 6,581 5.39 7,96 1Z40

19 0.013_5 0.9770 0.90Z9 -275.7 -2_8.8 7.01_ 5.5_ 8.41 1218

20 0.01361 0.9157 0,8873 -267.4 -Z_0.2 7,467 5,6I 8,86 1196

21 0.01381 0.8527 0.870_ -258.7 -Z3L.I 7.910 5.79 9*3_ 1173

22 0.01_01 0.7908 _.851_ -2_9.5 -221.5 8.356 5,89 9,85 1150

23 0.01_23 0.7_73 0.6307 -239,9 -211._ 8.805 5,97 10.39 11Z5

Z_ 0.01_7 0.25_7 0.8075 -229.7 -Z00.7 9.Z60 6.05 10,98 1098

25 Q.0147_ C, EOZZ 0.7617 -118,9 -189._ 9,721 6.11 11.63 1070

26 0,0150_ 0.5392 0.7519 -207.5 -177.5 16.191 6.16 12.35 1039

Z7 0.01_37 0.&780 O.T_09 -195.5 -16_.7 10.671 6,21 13.19 1006

28 0.01579 0._17_ 0.6896 -181.6 -191.1 11.166 6,26 lk,08 969

19 0.01_19 0.3585 0.6_67 -168.9 -136o5 11,678 6.30 15.17 929

30 0.01671 0._999 0.60h6 -153.1 -120,7 12.Z16 6.34 16.97 88_

31 0.01733 0.2_9 0.5588 -137,9 -103,_ 12.787 6.k0 18,37 835

32 0.01812 0.1881 0.5085 -119.9 -83.7 13.406 6,k6 10.89 780

33 0.01915 0.1373 0,4528 -99._ -61,1 lk,10_ 6,9W Z_,6O 719

3_ 0.02062 0,0915 0,3697 -75.0 -33.8 14.918 6,67 30.65 649

39 0,61303 0,0925 0.3166 -43.9 Z,1 1_,958 6.89 WE,El 568

35 0.02752 0,0360 0.2395 -Z.1 93.0 17.389 7.30 59.91 496

37 0.03W60 0.0290 0,1764 _3.8 113.0 19.036 7.3Z 5_.86 466

38 0.6_137 0,0388 0.1h15 77.1 199°_ Z0,186 7_23 _0.89 _68

39 0.0_711 0.09_5 0.1103 101.5 195,8 _1,219 7.06 31,86 477

kO 0.09206 0.0618 0.1061 1_0.? ZZW.8 Zl.996 6°92 26.66 488

_Z O.Oe09q 0.0823 6.0877 150.8 271.9 Z3.109 6,13 Z1.10 908

_ 0.06776 0.1002 0.076Z 175.1 310,6 24,009 6,62 18,34 9ZT

_6 0.074k6 0,1169 0.0680 196,5 349,k Z4o780 6.58 16.66 9_4

h8 0.080?1 0,1373 0.0617 216.2 371.6 Z5,465 6.97 15.96 960

50 0.0866_ 0.1_28 0.0967 23_,6 WO?,9 26.083 6,96 14.77 979

92 0.09Z38 0.1606 0.0916 252.2 _36.8 26,651 6,97 14.Z0 589

5; 0.09181 0.1757 0,0_91 169.1 W6_.8 _7,178 6.99 12.76 6@2

56 0.1031_ 0.1863 ©.0_61 185.7 492.0 27.674 6,61 t3.kl 619

58 0.10835 0.198_ 0.0_39 301.9 918.6 Z8.139 6.6k 13.14 627

50 0.113_5 0.2101 0.0_13 317.7 9_.6 Z8,931 6,68 1Z.94 638

65 0.1Z5d_ 0.2385 0.0367 396.8 608,5 E9,604 6.8_ 11,64 664

70 0.1578_ 0.269W 0.0331 595,7 671.; 3_.536 7,06 12,99 687

75 0.1_56 0._913 0.0302 _35.3 73_._ 31o_03 7.34 11.60 707

80 0.15106 0.312_ 0.0278 _75.5 797.6 3Z.ZZ1 7.68 1Z.77 729

89 O.lr_O 0.3_09 0.0258 517._ 862,0 33.002 8.06 13.01 7_Z

90 0.18360 0.3650 0.02_1 560.6 _E7.8 33.75_ 8.47 13.51 757

95 0,19_70 0.3886 0.0227 609.8 995,Z 34,483 8.89 13.69 772

100 0.10571 0._119 6.021_ 691.9 106_.3 39.192 9.5_ 1_,00 787

120 0._4906 0._02_ 0.017_ 860.9 1398.6 37.869 10,87 19.36 842

1_0 0.29176 0.[909 0.01q? 1091.9 1679.W _0.309 11,85 16.23 899

160 0.33_05 0.5770 0.0128 1335.9 200_,0 _Z,503 12.Z_ 16.95 997

180 0.3_609 3.7215 0.0113 1582.6 133_,8 4_,_91 IZ,_1 16,_8 1014

ZOO 0,w1794 O._w7k 0.0101 1825.8 2661.7 w6.172 11.97 16.20 1071

2_0 0._5968 3,9317 0.0091 2063.0 _981,W _7,701 11.65 19,86 1126

2q0 0.50131 1,0157 0.008_ 2293.7 3Z96,3 49,067 11.5k 15,94 1180

260 0.5_288 1.0995 0,0077 _518.6 360_.3 50.300 11.09 19,27 1Z31

280 0,58k39 1.1_30 0.0072 2738.7 3907.5 51.4Z_ 10.88 15.06 lZ79

200 0.62587 t.;EE5 0.0067 2955,6 4207.W 92.W58 10.73 1_.90 13Z6

350 0.71937 1._?_3 0.0097 3_86.9 49_5.6 5_,733 10*_Z 1_.67 1_3_

_00 0.83175 1.6615 0,0050 _010.8 9676,3 56.686 10,W3 16.97 1933

_50 0.93609 1.8885 0.00_5 _531.7 6_03,8 58,k01 10._1 lk,55 162_

500 1.03929 _.09_2 0.00_0 5092.6 7131.Z 59.932 10._0 14._k 1711

550 1.1k251 Z._019 0.0036 557_.9 7_57.9 61.318 10._1 1_.5k 1793

600 1.2_5_0 Z.508_ 0.0033 609_.2 8985.6 62.983 10.43 1_,56 1871

700 1._9_03 2.9?]3 0.0019 7139.5 100k3.6 6_.831 10._8 lk.61 Z018

800 1.6583Z 3.33_ 0.0029 819Z.3 11509.0 66.787 10.9T 14.70 2153

900 1,86k59 3.7&f6 0.0022 9Z55.8 12985,0 68.5Z_ 10,70 lk,83 Z178

1000 2.0708_ _.I$RZ 0.0020 10333.2 14_7_,9 70.096 10.86 1_.98 Z396

I100 2._8331 _.98_3 0.0017 129_3.6 1_510.3 71.890 11.2_ 15.37 2610

1_0 2.89578 $._091 0.001_ l_83b.k Z0627.9 75.257 11.68 19.80 280_

1600 3.3081_ 5.E_2 0.0013 1721_.6 2383_.1 77.373 12.10 16.23 Z98Z

1800 3.71080 t._891 0.0011 1968_.6 27126.Z 79.275 12.93 16.66 31_9

ZOO0 _.1338_ _.18_0 0.0010 12297.2 3092_.9 81.131 13.07 17.22 3303

2500 5.17877 10,3_61 0,0008 _9_6_.0 39821.5 87.619 16.16 20.9_ 36Z7

3000 6.305_5 1Z,_08Z 0.0007 39671.0 52Z81.7 99.502 29.Z6 30,87 3890

TWD-PdAS_ BOUNDARY
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Z,00 MPA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAMYOROGEN

TEMPERATURE DENSITY V(DM/DV_ V(DPlDU)¥ -V(DPlOVI T -(DVIDT_/V THERMAL
CONDUCTIVITY

OEG. K KGICU M KJIKG MPA-CU MIKJ MPA IlOEG, K W/K-M
x 102 x 103

• I_._57 78.1196 688.5 0'.25262 101.5121 0.00927 50.58

15 77,7130 669.7 0.24935 98.3063 0.00061 85.23

16 76,9W6W 6P£.5 0.2kZ15 91.1801 0.01035 91.81

1T 76.133_ 682.5 0.23391 8_._770 3.0110_ 96.32

18 75.2732 680.3 0.22598 /8.3875 0.01171 99.6_

19 7_o3695 676,5 0.219t2 72.6572 0.012k3 101.7_

20 73.4224 671.4 0.21311 67.229_ 0.01S20 103.67

21 7Z._296 662,9 0.Z0771 61.763_ 0.01409 105.90

22 71.3823 65Z.7 0.20261 56._471 0.0150_ 107.38

23 70.2758 63_.5 0,1978_ 51.109_ 0.01625 108.22

2_ 6_.0976 62_.6 0.19317 _5.9266 0.01755 108._7

25 67,8_00 607.5 0.18853 _0,8465 0°01914 108.19

26 66._945 588.0 0.18367 35.0550 0.02100 107.37

27 65.0436 567.2 0.178_Z 31.0906 0.02319 106.09

28 63,_7_3 5_.2 0.17267 26._928 0.02588 10_.38

29 61.75_3 519._ 0.16625 22.1307 0.02921 102.Z0

30 59.8_46 _91.1 0.15926 17.9155 0.03375 99.5_

31 57.6930 _6[.7 0.15142 14.0151 0.0398_ 95.97

32 55.2006 _26.7 0.14257 10.3835 0.04897 91.79

33 52.2285 380.7 0o13269 7.1714 0.06313 87.82

34 k8.4961 349.2 0.12049 4.W390 0.08778 8_.92

35 _3._287 30_.9 0.10580 2.2862 0.13846 82._k

36 36.3370 270.5 0.09025 1.0855 0.2_002 80,21

37 28.9056 260.6 0.08339 0.8378 0.21056 70o15

38 ZW.16_3 270._ 0.08095 0,9366 0.15110 60.3W

39 21.2268 28_.0 0.08025 1.071E 0.1122_ S_.?O

kO 19.2072 _98.3 0.07980 1.1871 0.08_35 91.56

_Z 16.5171 3_7.5 0,07896 1,361_ 0.06_k_ _8,56

4_ lko7578 355.7 0.07799 1.k78_ 0.05155 _7.51

k6 13._303 38_.8 0.07688 1.5698 0.04329 47.26

k8 12.3903 k13.5 0,0758_ 1,6397 0.03762 k7._8

50 11.5_16 _1.8 0.07_82 1.6949 0.033_ _7,96

5Z 10.8323 W69.7 0.07386 1.7393 0.03022 W8.62

54 10.2239 _97.6 0.07292 1.7759 0,02765 _9.42

56 9,6956 525.2 0.07193 1.8060 0.0_553 50,30

58 9.2297 553.0 0.07102 1.8315 0.0_377 51.25

60 8.8146 581.0 0.07008 1.8533 0,02228 52.3k

65 7.9467 653.4 0,06750 1,8955 0.01935 55._6

70 7.25_8 730.1 0.06_62 1.9256 0.01719 58.75

75 6.6864 812.3 0.06155 1.9_79 0.01551 61.79

80 6.2088 900.7 0.05839 1.96_7 0.01_17 65.35

05 5.8005 995.4 0.05529 1.9776 0.01307 70.09

90 5.k_65 1096.1 0.05234 1.9877 0.0121_ 7_.8k

95 5.1381 1202.3 0.0_961 1.9958 0.01135 79.60

100 k.8612 1312.9 0.0_714 Z.0021 0.01066 90.72

120 4.01_0 1780.4 0.03986 2.0171 0.00863 117.28

1_0 3.4Z75 2_30._ 0.03625 2.0238 0.00728 136.14

160 2.9935 2623._ 0.03489 2.0266 0.00631 1_8.39

180 Z.6590 2955.2 0.08k82 _.0275 0.00558 155.90

ZOO Z.3927 3Z_C.? 0.03540 2.0275 0.00500 160.60

_20 2°175_ 3_98.9 0.03626 2.0270 0.00453 163.9h

2_0 1.99_8 37_E.8 0._3715 2.0262 0.00_15 166.07

Z60 1.8_Z0 3991.9 0.03793 2.0253 0.00383 169.88

280 1.7112 WZ_Z.3 0.03858 2.02_3 0.00355 173.18

300 1.5978 _99.8 0.03907 Z.0236 0.00_31 176. T9

_50 1.3710 5171.6 0.03976 Z.0213 0.0028_ 187.16

WOO 1.2008 5872.5 0.0k000 2.e192 O.OOZW_ 198.6_

450 1.0683 6593.0 0.@_003 2o0175 0.00221 210.65

500 0.9622 7318.3 0.0_001 Z.0160 0.00199 222.7_

550 0°8753 8050._ 0.03994 2.01_7 0.00181 234.89

600 0.80Z8 8787,6 0.03985 2.0136 0.00166 2_7.05

700 0.6807 10283,2 0.03960 2,0119 0.001WZ 271.42

800 0.6030 11818.0 0.039_2 2.0105 0.001_4 296.08

900 0.5363 13_C3.1 0.03873 2.0094 0.00111 321.18

1000 0._829 150_5.8 0.03815 2.0085 0.00100 _0.56

1200 O,kOZ7 185©5.6 0,0368_ 2,0071 0.00083 511.13

1W00 0,3453 Z219_.8 0.035_Z Z.0061 0.00071 583.38

1600 0.3023 26036._ 0.03416 Z.0053 0.00062 656.06

1800 0.2685 30_79,0 0.03299 2.00_7 0,00055 731.13

Z000 0o2_19 3_497.9 0.03163 Z.0039 0.00050 817.64

Z500 0.1931 51309.9 0.0256_ 1,9978 0,000_0 1232.26

3000 0.1586 91109.1 0.0166_ 1.9679 0.0003_ 2485.57

TWO-PHASE BOUNOAR_

3O5

VISCOSITY THERMAL _IELECTPIC _'_,['IL

OIrFUSIVITY CONSTCNT ;4uHqEK

KGIM-S SO H/H_

w 107

267.?0 3.0005_ 1.355_6 2.11_5

2W9.22 3°00060 1.2_0_ 1,93_6

221.79 0=00061 1.75133 1,?135

199.5_ 3400&60 1.2_" 1.560_

181,27 0.00060 1.2_5_ 1._4_

165.95 0.0005_ 1.2.22_ 1.37t_

152.96 0.00057 I._3_q? _.30r_

141.77 ).00056 1.23551 1.2507

131.98 0.00055 1.231_ 1.21J_

123.28 0.0005_ 1.22801 1.18;0

115.k3 0.00051 1.2_392 1.16_

108.27 0°000_q 1.2t_56 1.1E3_

101.65 0°000_7 1.2149_ 1.16_

95._6 0.000h5 1.?0_ 1.I_33

89.61 0,000_2 1.20_5_ 1.2090

83.98 0.00030 1.19_6_ 1.2466

78o48 0.00036 1.19712 1.3026

73.03 0°00033 1.18_,_] 1,3_ 77

67.50 0,00029 1.17637 1.5366

61.?6 0.00025 1.1663_ 1.7303

55.59 0.000_1 1.153_ 2.0066

_8.63 ).00016 1.13/07 2._902

k0.96 0.0001_ 1.113_ 3.0388

3_.76 0.00016 1.08_85 2.7180

81._0 0.0002_ 1.07_7_ 2.1_55

29.55 0°00029 1.065_ 1.7216

28,51 0.00036 1.05_09 1.47_2

27.62 0.00050 1.0506_ 1.2007

27.48 0.00063 1.0_5L_ 1.060_

_7.66 0.00076 1.0_106 0.9748

28.01 0.0008_ 1.0378_ 0,9179

28._? 0.00101 1.01523 0.5771

29.00 0.0011_ 1.0]307 0.8_66

29,56 0°00128 1.03115 0.8230

30.15 0.00139 1.02_52 0.8037

30.76 0.0015_ 1.02_Oq 0.7888

31.37 0.00165 1.02681 0.775&

32.93 0.00199 1.02W15 8.7506

3_.50 0°00_3_ 1.0_203 0.7369

36.06 0.0026_ 1.02029 0.735_

37.60 0.00297 1.01_83 0.78qk

39.12 0.00334 1.0175_ 0.7261

40.61 0.00372 1.016_1 0.7_23

_2.08 _.00_0g 1.01556 0.721_

_5.98 0.00_00 1.01_72 0.70_6

54.0_ 0.00689 1.01215 0.7076

59,21 3.00881 1.010]T 0.705q

63,09 0.01078 1.00q05 0.7036

66.82 3.01_81 1.r080] 0.7008

69.Z0 0,01_92 1,00723 0.6981

71.88 0.01710 1.00657 0.6955

7_,_4 0o0193_ 1.00602 0.6933

76.92 0.0217_ 1.00556 0.6915

79,35 0.02419 I.G0517 0.6_00

81.75 0.0267_ 1,00_8_ 0.68_7

87.64 0,03351 1.00_1_ 0.6868

93._5 0.0k086 t.00362 0.685?

99.20 0.04879 1.003Z2 0.68_3

10_,88 0o05732 1,002_0 0.68_5

110.51 0.066_ 1.00_6_ 0,68_2

116.07 _.07610 1.002_2 0,68_0

127.01 0.09711 1.00_08 0.6B37

137.68 0.1202_ 1.00182 0.6836

1_8,11 0.1_5_1 1.00162 0.68_

158.29 0.2191_ 1.001_6 0,538_

178,00 0.29733 1.00121 0.535_

196,9Z 0.38k80 1.0010_ 0.5335

_15.17 0._81_2 1.00091 0.53Z3

232.83 0.58781 1.00081 0.5306

269,97 0.70681 1.00073 0.5263

291.26 1,11812 1.000_ 0._856

332.9_ _.02796 1._004_ 0._13_

/

L

11, ii 11 1l g I Ji.



i

C: 2

Z.5J _PA ISOBAR

)ME_MOOYNAMIC PROPERTIES OF PARAHYDROGEN

IEMPERATURE VOLUME [SOIME@M [SOCMORE INTERNAL ENTHALPY ENTROPY CV CP #ELOCIIY

DERIVAIIVL DEGIvATIVE ENERGY 0_ SOUND

DES. K CU NIKG OU M-_rA/_G MPAIK KJIKG-K KJ/KG KJ/KG-K KJ I KG-K _IS

1W,615 0o01Z76 £,3311 0.9_3_ -30Zo8 -Z75o9 SoOZW W,?9 6.38 1331

15 0.012_0 1.3125 C.9471 -305._ -273.W 5.193 W.8T 6.55 1329

16 0.01Z93 I.2382 0,9w95 -Z99.0 -266.6 5.630 5,05 7.00 1310

11 0.01306 1.1575 D,�w;Z -Z92.1 -259.4 6.068 5.23 7.W6 1285

18 0.01320 1.0930 O.q;q6 -18_.8 -151.8 6.505 5.30 Z,86 126k

19 0.G1336 I.CZ?I E.9152 -277,1 -2_3.Z 6,942 5.5] 8.29 XZkl

20 0.01352 0o9641 0.8999 -269.0 -235.Z 7.379 5.66 0.73 1Z20

21 0.01370 0.90Z9 G.6836 -260.5 -2_6.Z 7.81_ 5.77 9.18 1190

22 0.01389 0.8_11 C,_655 -2_1.5 -216,_ 8.25W 5,8/ 9.65 1176

23 0.01_10 0.7795 0.8_56 -Z_2,1 -106.9 8._9_ 5.96 10.16 1152

_ 0,01_32 0.717C 0,8236 -231.3 -196.5 9.138 6.0_ 10.?0 1127

15 0.01457 O,F_5_ 0.79q3 -221.9 -1_5.S 9.586 6,11 ll.28 1100

26 0.01_8W 0.5935 0.7725 -211.0 -17]._ 10.041 6.16 11.92 1072

27 0.0151_ 0.53_8 0.?_31 -199.5 -161.6 10.503 6.21 1Z.60 10_Z

18 0.015_ 0._76_ 0.?109 -187._ -1_8.6 10.976 6.25 13.37 1009

29 0.01556 0._1_3 0.6761 -17_.5 -134.8 11._60 6.29 1_.25 97_

30 0.01630 C.3_19 C.6386 -1_C.8 -120.1 11.960 6.33 1_.31 935

31 0.01680 G.308_ 0,5g_4 -1_6.2 -10_.2 12._0 6.37 16.51 095

31 O.GIF_O _._566 0.5_55 -130._ -86°9 13.029 6._Z 10.07 850

33 0,01813 0.2071 0.5095 -113.2 -6_.9 13.614 6._? ZO.O? 002

3_ 0.0190_ O.lbZ8 0,_605 -9_.2 -_6.6 14.2_9 5.53 _2.59 750

35 0._ZOZ2 0.1116 0._081 -7_.9 -_Z._ 1_.953 6.61 16,06 695

36 0.0Z18_ 0.C688 0.35_9 -_B.6 6.0 15.751 6,73 30.80 638

37 0.01_10 0°06_5 0,1985 -_0.7 39,6 16.671 6.88 36.58 586

38 O,OZF2G _.C_C9 0.2k53 10.1 75.2 17.701 ?.05 _0.39 5_0

39 0.0311_ 0.C_77 0,2036 _1,0 118.8 18.7_6 7,1_ 39.99 517

_0 0.03530 0.C5_3 0.1728 68.0 156.Z 19.705 7.06 35,5_ 513

_Z 0.0_305 0.0690 0,1338 110.7 118.3 ZI._Z! 6.91 27.10 520

_; 0.0_977 0,C87_ 0.1111 lk2,7 ZBl. Z ZZ.35_ 6.77 22.20 53N

_6 0,05576 0.10k8 0.0962 169.0 30S.k 23.276 6.69 19.31 550

_8 0.06125 0.1213 0,0855 192.0 3_5.1 2_.057 6.6_ 17._9 565

SO 0.06631 _.13E5 C._??_ 21_.8 378.6 2_,739 6.63 16.20 579

52 0.07120 0.1512 0.0713 232,3 _13.3 25.363 6.63 15._9 59_

5_ 0.07589 0. lEE3 0.0660 250.9 _0.6 25.93W 6.65 1W.03 607

56 0.080k0 C.1787 0.061_ _60.9 _69.9 _6._67 6.67 1_.31 619

58 0.08_78 0.1916 0.0576 2_6.2 _98.1 26.962 6,69 13.92 631

60 8.08905 G.20_2 0,05_ 303.0 525.? 27._29 6.73 13.62 6_3

65 0.09936 0._339 0,0_78 3_.0 592._ 28._98 6.87 13,15 669

?0 0.10928 0._621 0.0_28 38_._ 657.6 29._6_ 7.09 tz.gk 692

?5 0,11891 _.2890 0.0389 W2W.9 722°2 30.355 7°37 12.92 712

80 0olZ83_ _,3151 0.0357 _66.2 707°0 31.19_ 7.70 13.03 730

85 0.13750 0.3403 0.0330 508.? 851.6 31.987 8.08 13.23 7_7

90 8.1467_ 0.3650 0.0308 552,7 919.9 32,751 8._ 13.50 762

95 0.15572 0,3893 0.0288 590._ 98r.7 33._89 8.90 13.81 777

100 0.16W65 0.&131 0.0271 6_6.8 1057.6 3_.206 9.33 1_,15 792

120 0.19970 0.50_2 &.O_ZO 855.1 135_.3 36.906 10,88 15.k5 0k7

1_0 8.13411 0.5944 0.0185 1087,5 1672,7 39.358 11.86 16.30 gsk

160 0.26813 0.E81_ C.0161 1332,2 Z00_.5 41,56C 12._5 16.60 961

180 0.30190 0.76P0 0.01_Z 1579._ 133_.1 _3,513 12.2_ 16.51 1019

_00 0.33550 0.8533 0.0127 1823.1 2661.8 _5.239 11.97 16._3 10_6

220 0.3689_ 0.93_1 0.0115 2060.6 29_3,0 _6,770 11.65 15.89 1131

2_0 0._0235 1._225 0,0105 1291.5 3ZgT.W W8.138 11.35 15.56 118_

260 0._3566 1.10E5 O.OOq? 2516.6 3605.8 k9.372 11,09 15.Z9 1Z$5

280 8,_6892 1.190_ 0.0090 2737.0 390_,3 50.k97 10,89 15.07 128q

3_0 0.50216 t,ET_G 0.008_ 295_.2 _E09.6 51.533 10.?_ 1_.91 1330

350 0,58503 1._8_1 0.0072 3_85.8 _9k8.3 53.810 10.52 1_.68 1_38

_80 0,5b779 1,ER96 0.0063 _089.9 5679,_ 55.76G 10._3 Lk.58 1537

_50 o.750_6 1.89E7 0.co55 _531.C 6kOT.1 57.;_9 10._1 1k.55 1628

508 0.83309 2,1036 0.0050 5051.0 713_.T 59,011 10,_0 lk.5_ 1715

550 0.91568 2.3103 C.OOk6 5572._ 7861.6 60,397 10.W1 1k.55 1796

600 0.99815 2.5169 _.00_Z 5093,7 8589.3 &1.661 10,43 1_.56 1675

leo 1.1633_ _,_299 0.0036 7139.2 100_7.5 63.911 10.k_ 1_,61 2021

BOO 1,3Z839 3.3_27 0.0031 8192.0 11513.0 65.866 10.57 1_.70 2156

900 1,_93_1 3.7553 0,0028 9?55.6 12989.Z 6?.603 10.70 1_.83 2281

1000 1,658k2 _.1680 0.0025 10333.0 lk_79.1 69.176 10.86 1_.99 2390

1200 1.988_1 k,9931 0.0021 125_3.5 1751k.5 71,929 11.Z_ 15.37 2612

1_00 2.31838 5.8186 0.0018 1_836.3 20632.2 7_,336 11.68 15,80 2406

1600 2.6_836 b.6_ZO 0,901b 17215,_ 23836,1 76._53 12.10 1_.23 298_

1810 2,978_0 7._679 C,001W 19683.7 Z7129.7 78.35_ 1_.52 16,65 3151

2000 3.30a78 5._918 0.0013 2Z253.0 30524.9 80.199 13.0_ 17.19 3306

_500 _.1_356 10.3550 0.0010 19399._ 39?56°3 86.665 15.A_ 20._5 3631

3000 5.03682 IZ.4_71 0.0008 39266.7 5185d.8 9_._2_ 2k.11 29.55 3898

TWO-P_ASE BOUNDARY

r
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?.SO MPA ISOBAR

TENPERATURE DENSITY VKDH/OV}p

OEG. K KG/CU M KJIKG

• 1W.615 ?0.3036 ?05.3

15 ?0.10_1 708.6

16 77.361W 706.3

17 76.5770 7_G.2

10 15.7k02 ?00,3

19 ?ko068_ 696.8

70 73.9536 691.6

21 72.9991 68_.8

Z? 71.99k9 6?5.6

23 70.9403 664.1

Z_ '69.8Z21 b50.B

75 68.6312 63W.8

26 67.3?69 617.1

2? 66.0B17 599.0

ZO 64.5913 575.1

29 63.0_01 557.1

30 61.3509 532._

31 59.5110 507._

32 57.4635 _79.8

33 55.155_ _9.9

3_ SZ.5200 _lq._

35 wg.w439 387.1

36 _5.7965 355.0

37 41.k0Z1 327.9

38 36.7123 307.7

39 37.10_3 301.1

_0 28.3Z?_ 30_.5

W? 23.2312 3?4.6

k_ 20.09Z8 350.1

N6 17.9350 377.3

40 16.377_ _05.2

50 15.0802 432.8

52 1_.04k3 _61.5

5_ 13.177_ _89.8

56 12._303 517.8

50 11.795_ 5_5.9

60 11.229_ 57_.3

65 10.06_2 6_7.3

70 9.1511 72_.6

?5 8._099 007.3

80 7.7927 696.1

65 7.2686 951.2

90 6.0166 1097.3

95 6._719 1198.8

100 6.0735 1309.9

IZ0 5.0075 1779.9

1_0 _o2715 2737.3

160 3.7Z95 Z627.6

180 B.3174 7961._

200 2.900? ]Z_8.5

ZZO Z.7103 3507.9

Z_O 2._054 3755.7

260 2.295_ q002.6

280 2.13Z6 _Z53.6

300 1.991_ _511.9

350 1.7093 510_.5

_00 1._975 5886.0

• 50 1.3325 6bL6.8

500 1.?00_ 7332.5

550 1.0921 006_.8

600 1.0018 8802.3

TOO 0.8596 10298.1

BOO 0.75Z8 11833.Z

900 0.6696 13k18.5

1000 0,6030 150E1.5

1200 0.50Z9 18521.9

1_00 0._313 ZZZ_9.3

1600 0.3?76 25051.3

lS00 0.3350 30062._

2000 0.3022 3_57._

2500 0.2413 506CI.k

3000 0.1905 87k15.3

TWO-PH4SE 80UNOARY

THERMODYNAMIC PROPERTIES OF PARAHYDR_GEN

V(OPIDU_ -V(OP/D_

MPA-CU _IKJ MPA IIOEG. K W/K-H
x 10 _ w 103

0.251W_ IOW. 3378 0.00905 02.w6

0.2_970 102.51_1 O.OOB?w 05.73

0.2_281 95.790_ 0.00991 92._5

0.23596 88.6329 O.GIJ65 97.1_

0.Z7800 B_.7863 0.01123 100.60

0.22111 76.9010 0.01190 107._3

0.21500 71.?96_ 0.01262 10_.}0

0._0968 65.9100 0.01]_1 107._8

0.20_67 60.5553 0.01_2_ 108.91

0.19987 55.2969 0.01529 1C9._1

0.195?6 50.0552 0.016_5 110.3_

0.19073 W4.9873 0.01777 110.ZW

0.18610 39,9903 0.01932 ioq.6h

0.18121 35.31_Z 0.0210_ 108.61

0.17599 30.79_2 0.02309 107.17

0.170_0 26._31B 0.02550 105.35

0.16_39 2Z.2056 0.0Z_76 103.15

0.15779 18.3786 0.03256 100.15

0.15060 1_.7_79 0.03767 96.76

0,1_279 11._2_6 0.0_60 92.91

0.13_2_ 8.5k93 0.05386 89.17

0,12k79 6.062_ a.06732 86.73

0.11_S0 _.0682 0.08675 83.05

0.10_55 2.6760 0.1115_ 79.63

0.09_7_ 1.8688 0.13127 75.30

0.08882 1.5331 0.13282 ?0.09

0.08639 1._810 0.11665 6k.?O

C.08336 1.6025 0.083_9 57.52

0.08161 1.7516 0.063_2 5k.07

0.0001_ 1.07R7 0.05110 $2._5

0.0?877 1.9804 0.0_315 51._0

0.0?748 2.05?8 0.0376_ 51.72

0.07656 Z.12hl 0.03356 51.98

0.07533 2.1785 0.03028 52._5

0.07_08 Z._729 0.02?6_ 53.0?

0.07303 2.2606 0.02550 53.81

0.07196 2._926 0.0237? 54.72

0.06911 Z.35_5 0.02031 57.53

0.06603 2.3985 0.01786 60.58

0.06270 ?,_308 0.01600 63.37

0.059W8 Z,W551 0,01W54 66.00

0.05625 2._738 0.01335 71,_6

0.05320 ?._883 0.01236 76.1_

0,05038 2._998 0.01152 00.8_

0.0_783 2.5009 0.01000 91.16

0.0_030 2.5300 0.00868 11?._

0.03659 Z.5391 0.00?30 136._3

0.03517 2.5k28 0.00632 1k8,_8

0.03506 2.5_38 0.00558 156.01

0.03562 Z.5k35 0.00500 160,7_

0.036N6 Z.5_75 0.00_5] 16k.ll

0.03733 2.5_12 0.00w1_ 167.06

0.03810 2.5397 0.00382 170.09

0.0387_ 2,5382 0.0035_ 1T3.40

0.03921 2.5371 0.00330 I71.03

0.03988 2.5333 0.00?8] 187._

0.0_011 2.5301 0.00_8 198.93

0.04010 2.527_ 0.00220 211.00

0.0W009 2.5250 0.00190 223.12

0.0_002 2.5230 0.00180 205.31

0.03992 2.5213 0.00165 2_7.50

0.03966 2.519_ 0.001k2 271.98

0.03928 2.5163 0.0012_ 296.66

0.03078 2.51k6 0.00110 321.06

0.03819 2.5132 0.00099 _0.56

0.03685 2.5111 0.00003 511.13

0.035_5 2.5095 0.00071 503.37

0.03419 2.5083 0.00_62 655.96

0.03303 Z.507_ 0.00055 730.57

0.03171 2.5063 0.00050 815.37

0.02608 2._990 0.000k0 120_.6_

0.017kl 2._653 0.00_3_ 23_5.90

( _

-(DVIOT_(V TH[RHAL VISCOSITY THERMAL DIELECTRIC PRANDTL
t_ CONDUCTIVITY OIFFUSIVITY CONSTANT NUMB_P

',07

KG/M-S SQ M/_

x 10 ?

270._0 3.0005_ 1.25639 2.0913

257.35 0.0006_ 1.255W1 1.9652

228.85 0.00061 1.25279 1.7326

205.81 0.00061 1._5001 1.5803

186.86 0,90061 1.Z;?09 1._608

171.05 0.00060 1.2_03 1.3703

157.65 3.00058 1.2_083 1.311_

1_.15 0.00058 1.23750 1.2507

136.11 ).00056 1.23399 1.2066

1_7,25 0.00055 1.23032 1.1158

110.2_ 3.00053 1._76_] 1.1565

112.05 0.00051 1.22232 1.1_6_

105.Wt 0.000_ 1.21796 1.1_60

99.2_ 3.000_7 1.21BB2 1.1516

93._6 3.000W _ 1.20036 1.1658

87.9_ 0.000_2 1.2030_ 1.1900

87.72 3.000_3 1.19778 1.2278

77.61 _.00037 1.19095 1.2803

?2.58 0.0003_ 1.18_02 1.3555

67.56 0.00030 1.17621 1._591

62.51 3.00027 1.)673W 1.5836

57.37 0.0002_ 1.1570W 1.7338

52.11 0.000_1 1.1k_90 1.9321

_6.6_ 0.00019 1.13068 2.1516

_2.00 a.OOOlB 1.115o6 2.2526

38.12 O.O00ZO 1,1001k 2.17_9

35.39 0.00023 1.08800 1.9_29

32.25 0.00033 1.07177 1.5196

30.78 0.000_ 1.06187 1.26k0

30.17 0.00055 1.05510 1.1107

30.01 0.00065 1.05007 1.0102

30.1_ 0.00076 1.04618 0.9_90

30.q? 0.00086 1.0k296 0.9062

30.80 0.00097 1,0_027 0.8710

31.25 0.00_07 1,03799 0.8_27

31.75 0.00118 1.03600 0.821k

32.Z8 0.00129 1.03_25 0.8035

33.69 0.00157 1.C3066 0.769?

35.15 0.0018_ 1.02785 0.7508

36,63 0.00210 1.02557 0. T_69

38.1_ 0.0023? 1,02368 0.7_3_

39.59 0.0026? 1.02707 0.7331

_1.05 _.0029_ 1.02069 0.72?9

_2._9 0.003_0 1.01940 0.?260

_6.12 0.00387 1.018_2 0.71_7

5_.10 0.005_6 1.01517 0.7118

59.26 3.0070_ 1.01293 0.?090

63.1_ 0.00863 1.01128 0.7059

66.38 0.01027 1.01002 0.7026

69.2? 0,01196 1.00901 0.6995

71.96 0.01372 1.00819 0.6966

7_.52 0.01555 1.00751 0.69_2

77.D0 _.017_5 1.00693 0.6922

79._ 0.019_2 1.006k_ 0.6906

81.84 0.021_7 1.00601 0,6892

8?,75 0.02690 1.00516 0.6870

93.58 0.03280 1.00_92 0.6859

99.3k 0.03917 1.00_07 0.6051

105.05 0.0_602 1.00362 0.66_6

110.69 0.0533_ 1,00329 0.68_3

116.27 0.06109 1,00302 0.68_0

127.?_ 0,0779_ 1.00259 0.683?

137.95 0.09651 1.00227 0.6836

1_8._1 0.11671 1.00202 0.6837

158.63 0.17552 t,00182 0.5396

178.40 0=2300? 1,00152 0,536k

197.38 0.3080? 1.00130 0,53_?

215.68 0.3853? 1.00114 0.5336

233.39 a,_7039 1,00101 0._320

250.59 0.5651_ 1.00091 0.5287

291.96 0.887_5 1.00073 0,_907

333.k5 1._3955 1.00060 0._200

r
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C !

T_HPL_TtJ_r _CILUME

" I¸,*// ` O,OI_?Z

15 D.UI?F4

17 0.0t_99

19 _.ul3Z?

21 0,01360

Z2 0.,1378

23 O.0159T

2_ C.0t419

_ O.Utbb?

Z7 O.oI_gN

_ 0.01525

29 0.11559

30 0.01_91

fL 0.016_0

]Z 0.01_89

35 0.011_Z

5, 0.J1815

55 O.otdg6

56 0.C1997

37 d.6_1_3

38 C.OZ2dl

3_ 9.0_79

4Q 0.02717

4_ O.JJZ75

_4 0._J041

_5 0.6_369

_ 0.C4856

5_ 0._5311

53 g. Ob/_O

5_ 0.06150

56 0.0b_45

58 0.0_925

_O 0.01295

l_ 0.09035

75 0.0_U58

80 0.10659

85 0.11_,6

90 0.16_11

95 0.129_0

100 0.1_153

%_c 0.15&83

%8. 0._52_6

200 0.?8054

223 0.30851

2_0 0.3]638

260 0.36_19

_8_ !.59195

300 ._19_9

350 _._8081

_CQ 0.55781

_50 O.bZb?4

_00 0,_9561

550 0./b_46

600 0._]328

700 0._108F

800 1,1064_

900 1.Z_595

L000 1.383_7

1200 1.858_F

1460 ;,93J_5

1660 8_3

1800 ]46

20_0 515

2500 J_9

3003 • 51_

" TWO=P- ;._[ t3OLJN 3 _ RY

[S01M(RM

UERIV_TIVE

Cu M-_Pa/KG

1 3623

I 3585

1 L 794

I _0 75

1 1408

1 0731

t 0C93

0.q489

0.8875

0o8_71

0.7655

3. _053

0.64_1

C. 5 _t:4

0._318

0.&762

O. z. 2_2

0 • 3_88

0. 318¢*

0._698

0.22_8

O. 1856

O. 1_98

0. 1196

0.0967

0.0809

0.0718

_. 0711

O. 083C

O. 098_

C, 11_4

:299

_49

r'93

_. 1732

_, 1867

0.IQ98

C._3C7

C.:

C. -,

0.a_5

O. 39G_

0.50_%

0.5987

0.6868

E. 1736

0 • 8595

0.9466

£ • 0293

1.113 =.

1 , 1975

1.2816

1.4900

1._977

I • 90_.9

Z.114_

Z,31'

2.5254

Z.93_5

3o3513

3 • 7_I_0

O.. I?EF

5.0018

5.8268

6.6518

.3016

t . 5638

12.4259

THERMOgYNAHIC PROPERTIES OF PARAHVOROGFN

TSOC_ORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERI_ATIV_ ENERGY OF $OUNO

MPA/K KJ/KG-K KJ/KG KJIKG-K KJ I KG-K N/5

0.9_70 -307.5 -_69._ 5.03_ _,81 6.38 13_

0.9_92 -306.1 -_67.9 5ol]5 _,06 6.47 13_5

0,95_ -299.8 -261,2 _,568 5.05 6.93 I]26

0.9510 -293.0 -25_.1 6.000 5,_ 7.37 I106

G.940_ -285.9 -Z_6.5 6.4]3 5. "z F.P8 1285

0.9266 -278.3 -235.5 6.865 5._3 8.Z0 1262

0.9118 -270.4 -_3_.1 7.296 5.6_ 8.62 1Zhl

0.8960 -_62.1 -221._ 7.726 5.76 9.05 1221

0,8787 "253.3 -_12.3 8.157 5,86 9.50 1199

0,8595 -2kk.Z -_OZ,_ 8,590 5.95 9.97 llTF

0.8386 -23_,6 -192.1 9.0_4 6,03 18,47 1153

0.8155 -Z24.6 -181.4 9.462 6.10 11.00 1128

0./90_ -21_.1 -t70.1 9*904 6.16 11.57 1102

0.7629 -203,0 -158,2 10,352 6,_1 1Z,11 lOZ_

0.F331 -191.4 -1_5,7 10.806 6.25 12.84 10_

0.7011 -179.3 -13_.5 11.270 6._9 13,57 1013

0.6670 -166,_ -118.5 11,7_ 6,35 1_,39 980

0.6309 -152.9 -103. T 12.230 6.36 15.36 903

0.5926 -138.4 -87.8 12.735 6.4Q 16.47 905

0.5_Z_ -123.1 -?0.? 13,_61 6,44 tF.82 864

0.5101 -106,5 -S2.1 13.815 6.48 19.38 02Z

0.4661 -88.7 -31.8 1_._03 6.53 21.25 778

0._07 -b9.N -9.4 15.0)4 6,99 _3.55 732

0.37_7 -48.3 15._ 15.71k 6,66 26,2k 686

0.5293 -25.$ N$.0 16._50 6.F5 28,93 6_4

0.2866 -1.Z /3.1 1F.233 6.8_ 31.70 607

0.2490 _3,6 105,1 18.0_ 6,91 32,43 580

0,1916 69.8 168,0 19,559 6,93 ]0,16 556

0.15_6 108.5 223.q 20,876 6,86 _5,_T _56

0,1306 140.0 Z71.1 Zl.928 6.79 22.00 565

0.1138 166.8 312.5 22.810 6.7] 19,56 576

0,1015 190.5 34_.8 23.57Z 6,70 17,89 589

0.0920 212.2 384._ _k.250 6,69 16,70 601

0.08_ 232.4 _16,9 2_,863 6.10 15.83 61k

0.0782 251.8 _48,1 25._31 6.?Z 15.18 626

0.0131 270.3 .78.0 25,956 6.7_ 16.70 638

0.0686 288.2 507,0 26.4_8 6.77 £_.31 6_9

0.0598 331,2 576,7 27,564 6,91 13,05 075

0,053Z 373.0 64_.1 28,562 7,IZ 13.33 698

0.0480 41_.7 ltO._ 29._18 7.39 13.Z3 718

0,0_39 _56,9 776,7 30,333 7,72 13.29 F36

0.0405 500.2 84].5 31.143 8,09 13,45 7_2

0.03T6 5G4.8 911.3 31.918 8.50 13.69 768

0.0351 _91.1 980.5 32.666 8.92 13.91 782

0.03_0 639,1 1051,1 33,391 9.3_ 1q,29 797

0.0266 8_9.8 1350.3 36.113 lO.qO 15.55 852

0.0_2_ 1083,1 1670.2 38.5T7 11.87 16.36 908

0.019_ 1328,5 2001,1 k0*T86 12,25 16.65 966

0.0171 1576,Z 2333.6 _2.F_5 12.22 16.55 1024

0.0153 1820.3 2661.9 44.k7_ 11.98 16.26 1080

0.0139 2058.1 298].? _6.007 li.66 19.91 1135

0.0127 2289.4 3298*5 47.377 _ 35 15,58 £189

0,0117 251_.7 3601.$ 48,613 ". 10 15.31 1239

0.0108 2135.3 3911.1 _9.739 1_.89 15.09 1286

0.0101 _952.7 k211.8 50.776 10.74 t4.92 133_

0.0086 3_84,6 _951.1 53,055 10.52 £_.68 1462

0.0075 bOO9.0 568_,4 55.009 10._3 lk.5q 1560

0.006T 4530.3 6410.5 56.725 10,41 14.56 1632

0.0660 5051.3 7138,2 58._98 10.41 14.5_ 1F16

0,0655 _571,9 F865.3 59.6_4 10,_1 1_._5 1800

0,0050 6093,5 8593.1 6_,909 10.43 1_.56 18F8

0,00_3 7138.9 10051.5 63.158 10.48 1_.61 202h

0,0038 8191.8 11517.1 65.11_ 10.5T l,.,FO 2159

0.0033 9255._ 12993.] 66,851 10,?0 1W.83 2284

0,0030 10332.9 14483,3 68.423 10.86 1_,99 Z_01

0.0025 12543,_ 17_18.8 71.17? 11.2_ 15.37 Z615

0.0021 1_836.2 20636.6 73._84 11,68 15.80 2808

0.3019 17215.2 _30_0.5 ?5.700 IZ.10 16o23 Z986

O.O01T 19682.9 Z7133.3 77.602 1_,52 16.65 3153

0.0015 2_49.8 $C '_,1 79._55 13.02 17.16 3308

0.0012 29351.7 39 .7 85.8_1 15.69 20.03 3637

0.0010 38968.3 51_..7 93.555 23.26 28.58 390_

f
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ORIGINAL PAGE IS

3.00 NPA ISOBAR

THERMOOYNAHIC PROPERTIES OF PARAH_OROGEN C- 2

TEMPERATURE DENSITY V(OH/DV_ V(DP/OU_, -V(DP/D#_ -(OV/DT_/V THFRMAL VISCOSITY THERMAL 91ELECTRIC PRANDTL
_ CONDUCTI¢IIY DIFFUSIVITY _ONSTANT NbMB[P

DEG. K KGICU N KJ/KG MPA-CU _IKJ MPA I/OEG, K W/K-M KG/H'S SQ M/MR
X 10 _ X 10 _ X 107

1W.ltZ 78,6WZ0 721.9 0.250k3 107.1338 0.0000W BW.Z9 Z73,wO 0.0C060 1.25731 2,0698

15 78,_027 7_6.0 O.Ekg11 106,6179 0.00890 86,Z! Z&5.60 3,000_] 1.2567k 1.0933

16 77.T515 7_2._ 0.ZW323 99.k716 0.00950 93,11 ?35.8_ _.0006Z 1._5W1_ 1.755_

17 76,9926 720,1 0,23670 9Z.969_ 0.01023 97._3 217,07 0.000_2 1.?51_ 1,5957

18 76,1868 718,9 0.Z7967 86.9158 0.01087 101,52 192,_7 0.00062 1.2_06o 1,_7_6

19 75.3_$8 715.1 0.Z2288 80.0495 0.011_6 103,_9 176.15 0.00061 1,2k570 1.3896

ZO 7_._611 7]0.3 0.Z1687 75.1511 0.01713 106,09 167.3_ 0,000_ 1.2_261 1.3188

Zl 75.5306 70_.5 0,Z11_6 69,7716 0.01_0_ 108,60 150.50 0.0005q 1.Z393_ 1.2539

2Z 7Z'.5731 696.3 0.206_6 b_._117 O,OIJ6_ 110,37 1_0.21 0.00_5_ 1.23601 1._06_

23 71,560_ 6_6.3 0.2017Z 59.1907 0,01_52 111,51 131.1k 0,0005_ 1.232_d %.1719

Z_ 70._55 673.7 0.19717 53.9663 0.0155_ 11Z.09 123,0_ 3.D0055 1._?_77 1.1_92

25 69.3718 659,9 0.19771 _8.9308 0,01_67 112.17 115.7_ ].00053 1.22k_? 1,13_7

26 68.1839 b_k.6 0.1082k k_.0539 3,0179k 111,75 109.03 0.00051 1._2075 1.178_

27 66ogZ3W 6_8,3 0.18359 39,3780 0,01937 110,9_ 10Z,85 3.000_ 1.Z16_0 1.128_

28 65.58W9 b10._ 0,17873 3_.8590 0,02103 109,7_ 97,09 0.000_ 1.71178 1.1301

29 6_.1571 591,2 0.17362 30.5_92 0.02Z95 108.16 91.68 0.000_5 1.Z0687 1.1_99

30 62.6303 $70,_ 0,16837 76._k35 0.02523 106.27 06,5_ 0,000_ _ 1.20163 1,1717

31 60,990_ 567.6 0.1675_ ZZ.k936 0.02805 105.67 81.63 0.000_0 1.19603 1.2093

37 59.2057 523.9 0.15635 I8.8_08 0.031_ 100.76 76.87 0.00037 1.1899_ 1.?565

33 57.2569 _q0.5 0.1_900 15.k_71 0*03576 97.5_ 7_.Z1 0.0003_ 1.10332 1.3195

$_ 55.1099 _7Z.8 0.1W279 12.k_3_ O.O_Ogq _.03 67,6_ 0.00033 1.17606 1.39_Z

35 52.7287 _6.7 0.13536 9,796_ 0,0_75_ 90.55 63.12 0.00029 1.1600_ 1._01_

36 50,0718 kEO.O O.IZTSZ 7.507_ 0,05o08 87,76 50,66 0.00077 1.1591T 1.57_2

$7 _7.106k 39_.5 0.11939 5,6330 0.06651 8_.71 5k.Z7 0.00025 1.1_925 1.6002

36 k3.8311 377.3 0,11133 6.2386 0.0776q 81._7 50.05 0,0002] 1.138_0 1.777Z

39 kO,33k7 35ko9 0.1039Z 3,Z613 0,0878q 77.98 _6,15 0.000_ 1.12609 1,0k63

_0 $6.80;5 3kk,O 0,09785 Z.6kO9 0.09_Z9 7;.36 _2,76 0.00022 1,11S$6 1,0651

_2 30,5517 3_1.8 0,0905_ 2,1711 0.08873 67.17 37.90 0.00026 1.09513 1.7078

_ Z6,03_1 357,2 0.08655 2.1601 0.07158 61.7k 35.17 0.0003_ 1.00067 1,_5k5

k6 Z2,0807 379,k 0,08k06 Z.ZSI7 0.05799 58.56 33.56 0.000_2 1.07069 1.2609

_8 gO,591? _C_.6 0.08213 Z.35k9 0.0_83_ 56._2 32,72 0.00051 1o063_ 1,1262

50 10,8289 _31,0 0,080k5 2.kkk9 O,OklSZ 55.98 32.3k 0.00060 1.05790 1.0337

52 17._Z03 _50.3 0.07892 Z.SZk8 0.036_ 55.67 3Z.Z5 0.0006q 1.053W9 0.9676

5_ 16,2609 _86,0 0.077_8 Z.5911 0.03Z58 _5.7k $2.37 0.0007_ 1.0_986 0.91_

56 15.2835 51_.0 0.0761_ 2.6_76 0.02953 56.05 32,62 0.00087 1.0_602 0.0831

58 1_._07 5kZ._ 0.07508 2.6965 O.OZTlt 56.56 32.95 0.00096 1.O_ZO 0.056_

60 13.7071 570.7 0.07392 _.7300 0,02507 57.Z7 33,36 0.00105 1.0_192 0.8333

65 12.Z17_ 6_3.9 0.07010 2.0100 O.OZt20 59.70 3_.55 _.OOlZq 1.03730 0.7899

70 11.0676 7_1._ 0.067k7 Z.B76k 0o010k8 6_,50 35.87 0.00152 1,03375 0.7653

75 10.1_k3 8G_.3 0.06_0_ 2.9187 0.016_5 65.00 37.26 3.0017_ 1.03090 0.7586

BO 9,3815 893.3 0,06059 Z,9505 0.01_87 68,30 38.67 0.00197 1.07056 0.757_

85 8.7377 980,6 0,05723 2.97_9 0,01360 72,86 _0.09 0.002_] 1.02650 0,7_01

90 0,1051 1090,0 0,05_06 Z.9939 0.01756 77._7 _1.51 0.002k9 1°02_80 0.733_

95 7.70k_ 1196.8 0,05115 3.0089 0.01168 8?.10 _E,g2 0.00275 1,073_1 0.7305

100 7.2815 1308,1 0.0W053 3.0700 0.01092 91.66 k6.zg 0.00317 1,02211 0,7217

120 5.99k1 1780.6 0,0k075 3.0k77 0.00073 117,65 5_.10 0.00k55 1.01018 0,7159

lkO 5,1097 2235.1 0,03697 $o0591 0.00732 136.36 59,33 0°00587 1,015k8 0.71Z0

160 k,_60Z 2637.5 0.035_5 3.0635 0.00637 1_8.59 63.21 _°00720 1.01350 0,7002

180 3.9610 2968.1 0.05530 3.06k3 0.00558 156.1k 66.k5 0.00857 1,01199 0.70_

200 3.56_5 3Z56.7 0.0358_ 3.0635 0.00_99 160._0 69.35 0°0099_ 1.01o78 0,7009

Z20 3,2_1W 3517.2 0.03666 3.0616 0.00_52 16_.Z0 72,03 O.OllWT 1,00980 0.69T7

Z_O Z,97Z8 37_5,8 0,03751 3.0598 0,00_1_ 167.Z5 7k,60 0.01300 1.00899 0.6950

760 Z,7_58 kO13.k 0.03027 $.0575 0.00301 170.30 77,09 0,01_59 1,00830 0.6979

280 2.551_ _Z65.0 0.03889 3.0552 0.0035_ 173.63 79.53 _.0167_ 1.00771 0.6911

300 2.3877 _52k.1 0.03936 3,0536 0.00330 177.20 81,9k 0,01795 1,00770 0.6896

350 2,0_58 5197.5 O,OkO01 3.0_81 0.00283 107,71 07,86 0.07250 1.00618 0.6073

_00 1,7927 5899.5 O,OkOSZ 3,0k3_ 0.00Z_7 199,Zk 95,70 0.027_3 1,005_1 0,6060

_50 1.5956 66_0.7 O.O_02Z 3.039_ 0.00220 Zll,3_ 99.k9 0.03276 1.00_82 0.685Z

500 1,_376 73_6.7 0,0_010 3.0360 0°0019fi Z73.50 105.21 0.038_0 1.00_3_ 0,60_7

550 1,3001 0079.3 0,0_010 3.0331 0.00180 Z35,73 110.07 O.O_kSq 1.00395 0,60_3

600 1,Z001 0816,9 0.03999 3.0307 0°00165 2k7.96 116._7 0.05100 1.00362 0,60_0

700 1.0300 10313.1 0.03972 3.0Z66 O,O01kZ 777,_8 1Z7._8 0.06517 1,00311 0,6037

000 0.90ZZ 118k0.5 0.03935 3.0235 0.001Z_ ZqT.ZO 130.EZ _.08069 1,0027Z 0,6836

900 O,OOZb 13_3_o0 0.03883 3oOZlO 0,00110 327,53 1_0.71 0.0975? 1,002_Z 0.6837

1000 O*TZZ8 15077._ 0.030Z3 3.g190 0.00099 k_0.56 150,9_ 0olk6_? 1,00210 0.5k07

1700 0*6030 10538.1 0.03600 3o0159 0°00003 511,13 170.80 3.19856 1,00102 0,5376

1_00 0,5177 ZZZZS.9 0.035_8 $.0157 0.00071 503.37 197,8k 0*?5692 1,00156 0.5360

1600 0._520 _5066.0 0.03_ZZ 3.0170 0.00062 655,09 Z16,20 3o3713_ 1,00136 0.53k9

1000 0._0Z7 30069,6 0,03307 3,0106 0.00055 730,16 733,96 _.39Z1_ 1.00_Z[ 0,533_

2000 0.3675 3_32.3 0,03178 3,0097 0,0005J 0[3,70 251,Z1 _._708_ 1,00109 Q,5799

2500 0.Z895 50003,3 O,O?6kZ 3,0008 0.000k0 118_.Z5 292.6? 0.73517 1.00007 0._950

3000 0,2385 8W685.3 0.01003 Z,963_ 0.0003_ 2Z_2._ 33_.06 1.18_53 1,00077 0._Z57

3WO-P_&SE BOUNDARY
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(; z TMEP_OqYNAMIC PROPERrlES OF PARAH¥D_OGEN

TEMPERATURE VOLUME ISCT_ERH ISOCHO_E INTERNAL ENTHALPY ENTROP_ CV CP VELOCITY

DERIVAII4_ DERIVATIVE ENERGY OF SOUND

OEb, K CU N/K_ CU M-P;_/KG MP_/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K H/S

14._J_ O,UIZ _7 1._-iZ_ O._h'_ -307,Z -262.9 _,0_7 W,8] 6,3_ 1357

i_ G.JLZb_ I._C,¢I C.950_ -$C6._ "262.4 5,079 W.8_ 6.k1 1318

16 O.&lZSO l,]_l 0.957_ -300,5 -255.7 5,507 5.04 6,05 1342

17 0°0129L 1.15_ 0,9577 -Z93,g -2WS. T 5.q3_ 5,21 ?._ 132W

18 D,01395 1,1_0 0.9506 -206,9 -2#Io2 6.364 5,3l 7,?1 1704

19 0.01319 1.121_ G.9370 -279.5 -233,] 6.791 5.51 8.10 128_

_ D.01_3_ l.[_77 C.922a -271.7 -ZZS,0 _,217 5.6_ 8,_0 1263

_t 0.01_0 _.99_;,R _.gC?5 -263.5 -_16,3 7,6W1 5.75 8,9_ 1_43

ZZ _._136_ 0._7 0,_908 -255.0 -_7,_ 8,066 5.86 9.]5 1222

_3 _,_13a6 C._759 0._726 -2_6.1 °Iq_.6 8,491 5,95 9.79 1201

?_ _.01_ 0._121 0.85_5 -236°8 -187.6 8.917 6.0] 10.25 11_8

Z5 0.0142/ _.7_1 0,8307 -227,0 -177,1 9.346 6.10 10.7W 1154

26 0.J1_1 _.t_73 C.BC6_ -216,9 -1b6,1 9,717 6,16 11._6 1130

_7 9.31476 3._399 0.786_ -ZOb._ -15_.5 I0._13 6*_1 11.8_ 110_

28 0.C150_ _.+a?_ 0,7_33 -195,1 °1_2._ 10.653 6.26 IZ._Z 1076

2_ G.01535 3.6_ 0.7_32 -183._ -129.7 11,100 6.30 13,06 10_?

3u 0.D1569 _._773 E._I_ -171.Z -116,3 11,55_ 6,33 13,73 1017

31 _.[L6U6 3.L.!_ C._ -158°W -102.2 12,01_ 6,36 1_.51 905

3_ 0.316_9 _.37_3 0.6236 -1_5.0 -_7,Z 12,_91 6,_ 15,39 951

_3 _.0_6_? o.3_ C*5672 -13_.8 -71,_ 12.980 6._] 16,37 916

3_ _,0175_ 0._8_7 0,5_94 -115.8 -54°_ 13.405 6.66 17.53 819

35 0.01816 C._W_Z 0.5103 -99.8 °36°3 14.011 6,50 18.81 84!

36 0._1891 _.2_77 0,_70] -83,0 -16*8 1h.560 6*5_ _0.25 802

37 0.01979 3.1?16 0._300 -65.0 _°_ 15.137 6.58 21,83 763

38 Q.0208_ 5.1_I 0.3899 -&6.0 27,0 15,7_3 6,63 _3,57 726

39 0,02Z09 0,]_57 0.3508 -_5.q 51,4 16,377 6,68 Z$,SZ 69_

_0 0.0_356 0,10_9 0.31_0 -5.1 77,_ 17,035 6,73 26,65 660

_Z _.02717 O.(9ZE _,2509 3T,3 132,_ 18o376 6,82 Z?,qO 615

_ C.C3Iw_ 0,L917 ;.ZC35 77,2 187,I 19,6h9 6.8w 26,_] 595

66 0.03576 0*IC(7 0*1299 111.5 Z]6,8 Z0*753 6,8] 23.72 591

_8 O,0_00_ @,1135 0,1_62 1_1,6 281,6 Zl.?O? 6,79 21.24 596

50 0.04_01 O.IZTP 0.1_88 16_.0 ]ZZ,I 22,53& 6.76 19,33 605

5Z 0.0_782 0.1_1 0,1156 191.9 359.2 23,_63 6,75 17.92 614

5_ 0,051_5 0.156_ 0.105_ 2_3.9 39_,0 23.919 6,75 16,86 625

56 0.05495 0.1703 0.096! 234*8 _27*1 24.5_1 6°76 16.05 636

58 0.0583_ 0,1839 0,08_7 25_,_ 458,6 25.073 6.78 15.42 64?

60 0,06159 _.1_70 0,083_ 273,3 488,9 25,587 6,81 1_.93 657

65 0,069_1 0.2_6_ 0.0725 318,k 561,5 26,751 6*96 16*14 683

70 0.076a5 0,_5_8 0,06_0 361.? 631.0 27,701 7.19 13.71 ?05

75 0.08415 C._eT_ 0.9576 k0_,6 699,1 Z8,720 7*42 18.54 7Z4

80 0.09116 0.3145 0.052_ _q7.7 766°7 29,593 7,74 13.54 ?42

85 0.09799 _.3413 C.0_82 491.7 83_,7 30._17 8.11 13.66 758

90 0.10_72 9.3272 0.0_7 537.0 903.5 31.20_ 8.51 13.87 77_

95 0.11134 0,392_ E.0_16 503,8 9?3.5 31,961 8.93 14.13 ?88

100 0°11?88 0._17_ 0,0390 632.3 104_.9 32.693 9°35 14.43 802

120 0,14339 0,5120 C.0313 8k_,5 1346,_ 35,437 10,91 15,64 8_7

1_0 0°1683_ 0,603_ 0.0263 1078.8 1667,9 37,913 11,88 16,43 913

160 0.1928_ 0.6921 0.0227 13_4,9 1999o9 40,129 12,26 16.70 9T1

180 0,21716 0.779k 0.0200 1573.1 2333.Z 42.093 12.23 16,59 1028

200 0.261_0 _._657 0.012_ 1817.6 266Z,_ 43.8Z5 11.98 16.29 1085

_ZO 0*26533 0.9232 C,O16_ Z055,8 2984,W 45,361 11,66 19.9_ 1140

Z_O 0,_8927 1.£3_1 _,01_8 2287.3 3_99.7 46,733 11.36 19.60 1193

260 0.3131_ 1.1202 0,0136 2512.9 3608,9 41o970 11.10 15.32 1244

280 0.336g7 1._C_ _.0126 2733,6 3913.0 49.098 10.90 15.10 1Z92

300 0,36079 1.289_ _,0118 2951.2 6Z1_,0 _0,136 10.74 14°93 1339

35_ 0.k2009 l°_qTg 0.0101 3483.5 4953,8 52._16 10°5_ 14.69 1446

_00 0,k7926 1,7058 0.0088 _008.1 5685,5 5k.371 10.4k 14.59 1544

_50 0.518_7 1.9132 0.C078 _529.5 6413.8 96,088 10,41 14.56 1636

500 0.597_Z _.1203 0.0070 5050.7 ?141,7 57.6Zl 10.41 14,55 1?2_

550 0.656_ Z.3_/Z _.006_ 5571._ 7868.9 59.007 10._1 _4,Y5 1803

600 0°7154_ Z.5339 0.0058 b092.9 8596.9 60.272 10._3 lk,56 1881

700 0.83339 Z.9q70 0.C050 _138,5 10055.k 62,5Z2 10.48 lk.61 ZOZ?

800 0,99131 3.3_CG 0,00_ 8191.5 11521.1 6_._78 10.97 1_.?0 2161

900 1.06920 3°7727 0.0039 9255.2 12997.; 66,215 18.70 14.83 ZZ86

1000 1,10707 W,189_ 0.0035 10332.7 14k87,5 61,707 10,86 iw,99 2w03

1200 1._Z280 5.tlE6 _._0_9 I25k3.3 17523,1 78.5W_ 11.2_ 15.37 2617

1_00 1,65860 5._356 O.O02S 1_836,1 206_0,g 72,9_8 11.68 15,80 2810

1600 1.8_W_0 6,E6_6 0.0022 17215.1 238_k.B ?5,065 12.10 _6.23 Z988

18_0 2._2996 _._BE5 C.G_i_ 19682._ 27137oZ 76.966 [2.51 16.64 3155

2000 Z.]6588 8.310W 0.0018 _2_7,_ 30528°0 78.818 13.01 17,15 3310

_500 2.96107 10,3726 0.001_ 2931_.6 39678,3 85,Z39 15,53 19.86 3641
3000 3.59160 12._3_7 0.0012 3_736.3 51306.9 92.829 22,59 27,82 3910
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3.50 MPA ISOBAR

TENPERATURE OENSITY V(DH/DV_

OEG. K KG/CU H KJ/KG

14.927 78.69?5 738._

15 ?0.0440 ?41.3

16 78.1394 740,Z

17 ?7.3997 738.6

18 76.61_9 736.0

19 79.7943 735.1

20 ?_.9_26 730.5

21 7_.0524 7Z_.8

22 73.1206 717.8

23 ?Z,1_77 T08,8

24 71.1269 697.9

20 70.0562 685.1

26 68.9286 671.0

27 67.7393 655.9

20 66._831 639.0

29 65.1537 621.7

30 63.?_k_ 60k.C

31 62.2492 50_.1

32 60.6460 563,1

33 58.9266 5_1,_

34 57.0738 518,k

35 55.0661 _95.5

36 52.6098 k?Z.8

37 50,5307 450,6

36 47.9855 _29.5

39 k5o2729 _10,$

40 42._30 396.0

42 36.8054 379.0

4_ 31.8_37 379.k

k6 27.9523 392.7

48 25.0017 _12.5

50 22.7238 _35.0

52 20,9139 _6G.8

54 19._351 _87.3

56 10.199_ 51k.3

58 17.1_69 5_1.7

60 16.2361 569.7

69 1_,39_3 643.0

70 12.9961 720._

75 11.8836 803,2

60 10.9709 892.3

65 10.2046 987.6

90 9.5_97 1089.1

95 B.9018 1196.1

100 6.4835 1307.?

120 6.9740 1782.2

lk0 5.9_17 2238.7

160 5.1854 2638.1

100 4.6050 2975.3

200 _.1_42 3265.Z

220 3.7689 3526.7

240 3.k$70 3776.2

260 3.193k _OZk.;

280 2.9676 ;276.5

300 2,7717 _536.5

350 2.3605 5210.5

400 2.0865 5913.1

_50 1.8575 663_.T

SO0 1.6T39 7360.9

550 1.523_ 8093.?

600 1.3977 8831.6

TOO 1,1999 10328,0

800 1.0512 11863°?

900 0.9353 13449._

1000 0.0_2_ 15092,9

1200 0.7028 18554,3

1400 0.6030 222_2.5

1600 0.5279 26082.6

1800 0.4695 30079.1

2000 0._227 3_16.0

2SOB 0.3377 49684.8

3000 0.276_ 82563.1

O TN3-Pq&SE BOUNOARY

THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN

V (D PIOU_ - V (OP/Ov_

HPA-CU _/KJ NPA
X 10 _

0,2_927 109.8930

0.2_890 109,99_9

0.2_329 103._356

0.23732 97.0;66

0.23117 90,7901

0.22_39 85.070_

0.218_Z 79.26_

0.21303 73.7_26

0.20806 68.4215

0.20339 63,1950

0.19890 58.0_W1

0.19453 52.9693

0.19016 k8.0622

0.18568 _3.3_71

0.18105 38.7_5

0.17629 3_,63_3

0,171_3 30._265

0.16625 26,5052

0,16074 22.8203

0.15500 19.4131

0.1_897 16.2_75

0.1k263 13,k;_9

0.13606 10.9834

0.12932 8.8738

0.12258 7.1055

0.11603 5.6889

0.10991 k.6658

0.09996 3._086

0.093_8 2.9211

0.08907 _.813k

0.08614 2.8385

0.08386 2.9033

0.08192 2.9720

0.08018 3.0397

0.07859 3.099?

0.07719 3.1526

0.07582 3.1993

0.072k8 3.2950

0.06095 3.36_0

0.06533 3._150

0.06171 3.k537

0.05822 3._833

0.05_9_ 3.506_

0.05193 3.5245

0,0_923 3.5390

0.0_119 3.5710

0.03?26 3.56_2

0.03573 3.5888

0,0355_ 3.5892

0.03605 3.5876

0.03685 3.5850

0.03769 3.5819

0.038_k 3.5?87

0.03905 3.5754

0.03951 3.5733

0.0_013 3,5657

0.04033 3.5592

0.0_032 3.5537

0,04027 3.$490

0.04010 3.5451

0.04007 3.5417

0.03978 3,5362

0.03938 3.5319

0._3887 3.5285

0.03827 3.5258

0.03691 3.5216

0,03550 3.5186

0,0342_ 3,5163

0.03310 3.5144

0,03183 3.5126

0,02669 3.5030

0.01855 3._622

C-Z

-(OVIOT)/_ THERMAL VISCOSITY IHERHAL DIELECTRIC PRANDTL

P CONOUCTI_ITY OIFFUSIVITY CONSTANT NUMBER

1/08_. K N/K'M KG/M°S _ M/HR
x 10 _ x 10 ?

O.OOd6_ 86.07 276,50 0,00062 1.25820 2.0499

0.0006_ 86.68 273.88 0.00062 1.2580Z 2.02_2

0.009_6 93.?k 2_3.10 0.00063 1.25553 1.7771

0.00q86 98. T0 218,_2 0.00063 1.25292 1,6121

0.01007 102._2 198.10 0.00067 1.25016 1o4905

0.01101 10_.90 18].21 0.00062 1.2_728 1.3987

0.0116_ 107.22 167.01 0.00061 1.2_429 1.32_6

0.01231 109.86 15k.84 0.00060 1.24118 1.2571

0.01302 111.77 1_.27 3.0005_ 1.23792 1.2063

0.01381 113.0_ 134.99 _.00058 1.23_52 1.1687

0.01469 113.76 126.73 0.00056 1.23097 1.1420

0.0156_ 113,99 119.30 0,00055 1.22725 1.124;

0.01679 113.73 112.5_ 0.00053 1.22333 1.1146

0.01_02 113.08 106.33 0.00051 1.21922 1.1111

0,019_ 112.07 100.56 _.OOO_q 1.21_88 1,11h5

0.02100 110.73 95.18 0.000_? 1.21030 1,1223

0,0227] 109,09 90,10 0.000_5 1.20545 1.13_0

0.02_85 106.77 85,30 0.000_3 1.20033 1.1593

0,02733 10_.19 80.69 0,00040 1,19_05 1.1917

0.03025 101.38 76.2k ].00038 1.18899 1.2314

0.0338_ 90.37 71,93 0.00035 1.18270 1.2818

0.03795 95.12 67.73 0.00033 1.17591 1.3393

0.04282 91.89 63.65 0.00031 1.16858 1._023

0.0_45 69.25 59.69 0,00029 1.16067 1._600

0.05_87 86._7 55,87 0,0002_ 1.15217 1.5228

0,06167 83.58 52.26 0.00026 1.1h317 1.5829

0.06?30 80.55 h8.93 0.00026 1,13382 1.6192

0.07362 7_.55 _3._ 0.00026 1.11536 1.6258

0.06968 69.12 39.6? 0.00030 1.09929 1.5170

0.060_0 6_.98 37.31 0.00035 1.08680 1.3616

0.05150 62.26 35.89 0.000_2 1.07739 1.2230

0.04437 60.62 34.97 3.0005_ 1.07017 1.1152

0.03_89 59.71 3k,48 0.0005? 1.064_5 1.0348

0.03_60 59,32 34.27 0.00065 1.05980 0.9739

0.03120 59.27 3_.26 0.000?x 1.05593 0.9276

0.028;6 59._8 3_._0 0.00001 1.05263 0.8917

0.02621 59.96 3_.6_ 0.00089 1.0_979 0.862?

0.0219_ 61,98 35.5_ 0.00110 1.04405 0.8/0?

0.0190_ 64._8 36.68 0.00130 1.03971 0.7802

0,01686 66.68 37,95 0.001_9 1,03627 0.7705

0.01517 69,83 39.27 0.00169 1.03345 0.7615

0.01383 7k.30 h0,63 0,00192 1.03109 0.7_71

0.01273 78.82 _1.99 0.00214 1.02907 0.7389

0.01182 83.38 43.36 0.00236 1.02T33 0.7349

0.01103 92.22 46.50 0.00271 1.02560 0.7275

0.008?7 117,91 5_.29 0.00389 1.02117 0.7200

0.00T3_ 136.52 59._2 0,00503 1.01802 0.7150

0.00633 1_8,73 63.30 0.00618 1.01971 0.7105

0.00558 156.29 66.53 0.00?37 1.01394 0.7062

0.00_99 161,06 69.k3 0.00859 1.0125_ 0.7023

0,00_52 16_._7 72.12 0.00986 1.01140 0.8988

0.00k13 167.45 7h.69 0.01118 1.01045 0.6959

0.00381 170.52 77.18 0.01255 1.00965 0,6935

0.00355 173.86 ?9.63 0.01396 1.00897 0.6917

0.00329 177.52 82.03 0.015_ 1.00038 0.6900

0.00282 187.99 87.97 0.01935 1.00719 0.6875

0,002_7 199.55 93.83 0,02359 1,00630 0.6861

0.00219 211.69 99.63 0,02818 1.00561 0.6853

0.00198 223.88 105.37 0.03310 1.00505 0.6647

0.00180 236.15 111,05 0.03835 1.00460 0.68_3

0.00165 2_0._1 116.67 0.04393 1o00_22 0.66_0

0.00142 273.01 127.71 0.05605 1,00362 0,683?

0.0012_ 297.89 136.49 0.06938 1,00317 0,6836

0.00110 323.21 1_9,02 0.08390 1.00282 0.683?

0.00099 _;0.56 159.30 0.12963 1.0025_ 0.5419

0.00083 511.13 179.20 0.1703_ 1,00212 0.5388

0.00071 583.36 198.30 0.ZZ038 1.00182 0.$372

0,00062 65S.84 216,71 0.Z7561 1.00159 0.$302

0,00055 729._; 23_.53 0,33626 1,00142 0.$348

0.00050 012._0 251,83 0._0353 1,00127 0.5315

0.000_0 1168.39 293._0 0.62723 1,00102 0.4986

0.0003_ 2161.83 33_,72 1.00469 1.00004 0.4308
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C-Z

4.00 /'IPA [SOfi_AR

THERHOOYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE VOLUNE [SOTHERM I$OCflORE INTERNAL (NTHALPY ENTROPY CV CP ¥[LOCTTY

OERXVATIVE DER|VATIVE ENERGY OF SOUND

OEG* K CU M/KG CU H-_A/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K _/$

• IS,080 0.01263 1._112 0.952_ -306.9 -256.4 Y.OSq _.85 6.39 1364

16 0.0127_ 1.3667 0.9608 -301,3 -250.3 5,448 5.03 6.76 1358

17 0.01286 1.2950 0.962_ -29_.7 -2_3.3 5.8?3 5.20 T.21 1340

18 0,01298 1.2281 0.9572 -287.8 -235.9 6,297 5.36 T,62 1322

lY 0.01312 1.1664 0.9466 -280,5 -228.1 6.720 5.50 8*01 1504

ZO 0.01326 1.1021 0.9333 "272.9 -219.9 T.140 S.63 8._1 1263

21 0.013_1 1.0393 0.9185 -264,9 -211.3 ?.560 5.74 8.81 1263

22 0.01358 0.9817 0.9023 -256.6 -202.2 7.974 5.85 9.21 1244

23 0.01375 0.922? 0.88_8 -247.8 -192.8 8.398 5.?_ 9.63 1223

24 0.0139_ 0.8638 0.6656 -238.7 -183.0 6.817 6.02 10.07 1202

25 0.C141_ 0.6CS1 6.8446 -229.3 o172o? g.237 6.09 10.52 11?9

26 0.01436 0.74_7 0.8221 -219.4 -161,9 9.660 6.15 11,01 1156

2? 0.01460 0.6&77 0.7975 -209.1 °150.? 10.085 6.21 11.53 1130

28 0.01486 0.633_ 0.7712 -196.3 -138.9 10.513 6.26 12.06 1105

29 0.0151_ 0.580_ 0.7431 -187.1 -126.5 10.9_6 6.30 12.62 1076

30 0.01545 0.5290 0.7135 -175.4 -113.6 11.384 6,33 13.22 1051

31 0.01578 0.4?64 0.6827 -163.2 -100.1 11o626 6.37 13.89 1022

32 0.01616 0.4311 0.6504 -150.4 -85.8 12.281 6.40 14.60 992

33 0.01657 0.3633 0.6169 -137.1 *T0.8 12.742 6.43 15.43 959

34 0.01T04 0.3410 0.5622 -123.2 -55.0 13.215 6.46 16.27 927

35 0.01?57 0.2997 0.5466 -106.5 -38.2 13.700 6.48 17.Z6 893

36 0.01817 0.2623 0.5102 -93.1 -Z0.5 1_.201 6.51 18.31 859

3? 0.01886 0.228? 0.4736 -77.0 -1.6 14.716 6.55 19,45 624

38 0.01965 0.1993 0.4371 -60.1 18.5 15.253 6.58 20.64 791

39 0.02056 0.I?_2 0.4012 -42.5 39.7 15,805 6.61 21,84 759

40 0.02161 0.1532 0.3666 °24.3 62*1 16.372 6.64 23.02 ?25

k2 0.02413 0<1259 0.3036 13.4 110.0 17.539 6.71 24.62 680

44 0.02719 0.1135 9.2519 51.0 159.8 18.698 6.?6 24,95 647

46 0.03060 0.1131 0.211T 85.6 208,3 19.774 6.81 23.8? 630

46 0.03412 0.1204 0.1813 117.? 254.2 20.753 6.61 22.06 625

50 0.03759 0.1314 0.1586 146.3 256.6 21.619 6.79 20.33 627

52 0.04095 0.]439 0.1413 172.0 335,8 22.38? 6.79 18.88 633

54 0.04418 0,]571 0.1277 195.6 372.4 23.077 6.79 17.73 641

56 0.04730 0.1702 0.1168 217.9 407.1 23.710 6.80 16.83 649

$8 0005032 0.1836 8.1076 238.& 440.1 24.286 6.81 16.11 659

60 0.05325 0.1967 0.1003 258.7 _71.? 24.824 6.84 15.54 668

65 0.06027 0.2283 0.0859 305.7 546.? 26,026 6.97 14.S9 691

?0 0.06699 0.2590 0.0754 350.6 618.5 27.090 ?.17 14.07 713

75 0.07341 0.2880 0.06?5 394.6 688.2 Z8.051 7.44 13.83 732

80 0.0796_ 0.31_9 0.0612 438.6 757.2 28.942 7,76 13.78 7_9

85 0.08572 0.3430 0.0561 483.4 026.3 29.?79 8.13 13.87 765

go 0.09168 0.3692 0.0519 529.3 856.0 30.5?? 6*SZ 14.84 788

95 0.09754 0.3949 0.0463 5?6.7 966.8 31.342 8.94 14.28 794

100 0,10333 0.4200 0.0452 625.6 1038,9 32.082 9.36 $4.S6 808

120 0.12564 0.5160 0.0361 839.3 1342.? 34.84? 10.92 15.73 662

140 0.14777 0.6080 0,0303 1074.5 1665.6 3P.334 11.84 16,45 918

160 0.16935 0.6975 0,0261 1321.3 1998.7 39.55? 12.27 16.74 976

180 0.19069 0.7854 0.0230 15?0,0 2332._ 41.526 12.23 16.63 1033

200 0.21188 0.8721 0.0205 1314.9 2662.4 43.261 11.99 16.32 1088

Z20 0.23295 0.9579 0,0186 2053.4 2485._ 44.300 11.67 _S.g6 114S

240 0.25394 1.0431 0,0169 2285.2 3300.9 46.174 11.36 15.62 1158

260 0.zr486 1.1276 0,0156 2511.0 3610.4 47,413 11.10 15.34 1246

280 0.295?4 1.2122 0.0144 2?32.0 3914.9 48.541 10.90 15.12 1297

300 0.31662 1.2969 0.0135 2949.8 4216.3 49.581 10.?4 14.94 13_3

350 0.36654 1.5056 0.0115 3482.4 4956.6 51.862 10.53 14.70 1458

400 0.42035 1.7139 0.0100 4007.2 5688.8 53.819 10.44 14.60 1548

450 0.4?209 1o9215 0.0069 4528.6 6417.2 55.536 10.42 14.56 1639

500 0.52376 Z.128? 0.0080 5050.1 7145.2 57.069 10.41 14.55 1725

550 0.57543 2.3356 0.0073 5570.9 ?8?2*6 58.455 10.41 14.55 1607

600 0.62706 2.5424 0.0067 6092.4 8600.7 59.721 18.43 14.57 1664

?00 0.73029 2.9556 0.005? 7138.2 10059._ 61.9?1 10.48 14.62 2030

800 0.8334? 3.3686 0,0050 8191.3 11525.2 63.92? 10.57 14.70 2264

900 0.43663 3.7514 0.0044 9255.0 13001.6 65.664 18.70 14.83 2289

1000 1.03977 ;.1941 0.00_0 10332.6 14491.6 67.2_7 10.86 14.q9 2486

1200 1.24604 5.0193 0.0033 125q3.2 17527.3 69.991 11.24 15.37 2619

1400 1.45228 5.6443 0.0029 14836,1 20645.2 72.398 11.66 15,60 2812

1600 1.65852 6.6693 0.0025 17215.0 23849.1 74.514 12,10 16o23 2998

1800 1.86479 7.k942 0.0022 19681.9 2?141.1 76._15 12.51 16.6_ 3157

200_ 2.07123 8.3192 0.0020 22245.5 30530.4 ?6.266 12.99 17.13 3312

2500 2.59169 10.3813 0.0016 2926_.7 39651.5 84.6?4 15.41 19.72 3645

3000 3.14109 12.4435 0.0013 38549.3 51113.7 92.205 22.06 27.21 3915

* TMO-PH4SE BOUNDARY
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_o00 _PJ ZSOBAR

THERMODYNAMIC PROPFRTIES 0 _ PARAHY[JR96EN

TENPERAIURE OENSIIY V(OH/DV_ V(DP/OU_, -V(OP/OV| T -(OV/DT!/_ THE_H_L
CONDUCTI¢IIY

DE6. K KGICU M KJIKG HPA-CU MIKJ HPA 1/DEG. K WIK-H
X I03 x 1U !

15,000 lg,lW77 750.0 0,ZW825 111.696/ 0.i}085] _7._1

16 70,5151 757.3 0.24339 107.3080 0.00095 9_.]5

17 77.7093 755,0 0,2317_ 100.7430 _.00_5 9_.W3

18 77.0297 75_.5 0,23179 9W.5996 O.OIOIZ tC3,?_

19 76.2]30 753.7 0.22567 89.0699 _.OI06] I05._

Z8 75ok072 7W8.8 0.2198h 83.1052 0.01123 108,]3

21 7_.5430 l&3.3 0.21k_9 77,4730 0.31186 111._9

ZZ 73.6_12 738,1 0.2095Z 72,2_03 0.91ZW8 113. L1

Z3 7Z.7031 730.2 0.2049Z 57.0801 Q.0131_ 114._1

Z_ 71.721_ 720.5 0.200_? 61.9555 O,OZ_q 7 11_.]5

Z5 70°6965 709.1 0.19619 56,9159 3.01_B_ 115.7Z

26 69.6206 696.t 0.19190 51.9873 0.0158t 115._0

27 60._918 681.1 0.10756 _7.10_7 0.01_43 115,10

20 67.30_8 866.8 0.18310 _2,6332 O.O;_Oq 11_,7&

29 66.0550 651.3 0,17857 38.3_05 0.0%93_ 113,I0

30 6W.Th13 63_,6 O.IrkO0 3_._491 Q.02_83 111._7

31 63.3553 616.7 0.1692_ 30,3107 0.07_57 LO_._,

32 61,8867 598.8 0.16_25 26.6805 0.0Z_38 10_.3_

33 60,3319 578,_ 0.15_00 _3.1Z7_ 3.0Z667 I0_.7_

3_ 58.67_0 55g._ 0.15369 ZO.OOlZ 0.0_910 10_.05

35 56.9093 538,5 0.1_811 17.0_7_ 0.0020_ _q.3C

36 55.0_5k 518.1 0.1423_ 1_._332 0.0_35 9_.17

37 53.0100 _98.1 0.138_8 12.1_55 0.33)06 _3.18

38 50.885_ _79.0 0.13059 10.1_1 0.0_309 90.lZ

39 _0.63_8 _81.3 0.1_8_ 0,_737 0.0_735 8_.1_

kO _6.Z851 _k5.2 0.119Z_ 7.0906 0.05170 85._k

kZ kl.k_30 _Z3.0 0.10917 5.217k _.05_1_ _O._?

k_ 36.7771 _13.5 0.10127 _.1750 0.0603_ 75.Z8

k6 3Z°67_7 _16.9 0.09513 3.8962 0.05?_? 7_.@9

_0 29.30_6 _29.5 0.09090 3.5296 0.05137 67.69

50 26.6002 _7.8 0.08?77 3.k9_0 0.0_5_0 _5._1

02 2_._207 _89.6 0.08527 3,51_3 0.0_020 63._

_ 2Z.6331 W93.6 0.00313 3.5550 0.03592 _3.07

56 Z1,lkO7 5J8.8 0.081_& 3.5988 0.032_ &2._5

58 19.07Z3 5kS,Z 0.0795Z 3.8WSZ _.0205_ 8Z._5

60 18.7T06 57_.k 0,07805 3.6932 0.0_71_ _2.78

65 16.593Z 663.9 O,OTWZ3 3.7886 0.0_Z86 64._5

70 1_.9100 721,3 O.O?OhZ 3.8661 0.01950 66.5Z

75 13.6_Z1 80_.0 0.06663 3.923_ 0.017Z1 E,._2

00 12.5567 892.8 0.06Z86 3.9672 _.015_ 71,_1

65 11.6663 988.1 0.05923 k.O010 0.01_03 75.77

90 10.9079 1009.6 0.05583 _.0274 0.01289 _0._0

95 10.25Z1 1198.7 0.05272 _.0_81 0.01194 0_.69

100 9.678Z 1308,5 0.0_993 6.06_6 0.01113 g_,_Z

1_0 7.?k69 170_.9 0.0_163 _.lOOk 0.00881 118.22

1_0 6.7673 ZZ_3.1 0.03760 _.11_7 0.00735 136. r2

160 _o9050 Zb_.Z 0.03800 h.1190 0.00_3_ 1_6,_0

180 5.Z_0 Z983.0 0.03578 k.1185 0.00557 156._8

ZOO 4.7197 3Z7_,1 0.03628 _.1158 O.OOq�5 ltL.Z_

Z20 k.29_7 3536,6 0.03705 k.1120 0.004_1 16_.66

ZkO 3.9379 3786.8 0.03788 _.1077 0.00_13 167.86

Z60 3.638Z k035.6 0.03861 4.1033 _.00380 trO.?k

280 3,381_ 4288.2 0.03921 _.0989 0.00353 17_.10

300 3.150_ _5k8.9 0.03985 _.0961 0.00]_9 177,77

350 Z.713_ 5223.7 0.0_0_6 _.0859 0.00Z81 188._7

600 Z.37_0 5928.7 O.OkO_ k.077_ O.O0_k8 199._6

_0 2.1163 66_8.7 O.O_Okl _.0702 0.00219 212.03

500 1.9092 7375._ 0.0_035 _.06_1 0.001_7 274._8

_50 1.7378 8108.2 O.OWOZ5 _.0589 0.00179 _3&.57

600 1.59_7 88_6.Z 0.0_01_ k.05_ 0.00185 2_8._7

700 1.3693 103_3.0 0.0398_ _.O_TZ O.O01kt Z13.Sk

800 1.1998 11878,9 0.039_3 k,0417 0.001Z_ _98._9

900 1°0677 13_6_.9 0,03892 _.0372 0.00110 3?3,_9

1000 0.9617 15100.6 0.03831 k,033_ 0.00099 _0,58

1200 0.0025 10570.5 0,03695 _.OZS_ 0.000_3 511.13

1_00 0.6808 ZZZ59.1 0.03553 _.OZ4Z 0.0007_ 583.38

1600 0.60Z9 16098.7 0.03_27 _.0212 0.00062 655.79

1000 0.5363 30090.2 0.0331Z _.0L88 0.00055 729.58

ZOO0 O°kSZB 3_k07,7 G,03108 _.0165 0.00350 011._5

Z500 0.3858 k9367.3 0.0Z691 _.0056 0.000_0 115_.o0

3000 0.310_ 00853.3 0,01899 3.9815 0.0033+ Z096.71

TWO-PNASE BOUNDARY

_l_

OFTC'J4 _ 1_,PA, i,

C.F " • : +_;_AI.[T't
( -j

VISCOSII_ rHEWMAL O[EL[CTRIC PRANDTL

_IFFUSIVITY CONSIANT NUMBER

_7_.bO 3.OOO_ _ 1.2590_ 2.0363

2',3._ O.OGC6_ 1._56_ 1.8001

?_.7_ 3.0_6_ 1,25_10 1.8305

171.77 3o_00_1 I._S_Z 1.3330

_3ii,37 J.O0_SB 1.2310_ 1.1370

12_.82 3.00_5_ l._wT 1.1170

115.46 _.00054 1.2Z573 l.lfl_l

109.b9 Q._O_ I._ZIS_ l. Oq_q

_03,q0 _.000_1 1._1771 1.09_B

q_.5: 0.00_ _ 1.213_0 1.0995

q3,47 0.000_ 7 1.Z0_8_ t.tOo_

_.lq J.;03_3 1.19939 I.I_59

?_.8_ O.O;O_t 1.1931_ 1.1766

75.73 _.C003_ 1.18813 1._073

7_.72 _.3033_ 1.18_15 I.?_76

67.85 0.0003; 1.17577 1.2_0

h_.I_ 0.000_X 1.16_1 1.3357

8U.5_ 0.C0031 1o16_&6 1.3777

_7.1_ _._flO3P 1.15W3W 1.W159

53.98 3.00029 1.14652 I.WS_O

_5.39 0.00028 1.13053 1,6850

W_.IO 0.00030 1.115_7 1._8ZI

_I.07 _o00033 1.10197 1,381_

39.07 0.00038 1.09113 1.Z733

37.76 _.000_ 1.0fl24_ 1.173_

38.9_ 0.00050 1.0755_ 1.0900

36._0 0.00057 1.08988 1.0233

36.13 0.0008: 1.06517 0.9707

36.0_ 0.00070 1.08118 0.�ZSW

36.10 0.00077 1.0577_ 0.8938

38.87 0.00096 1*05090 0.0315

37,59 _.00114 1.04571 0.79_9

3_,7_ 0.001_1 1.0k165 0.78_6

3q,�Z 0.001h9 1.03635 0.7706

_I._ 0.00189 1.03585 0,7541

_.51 Q.00188 1.033Z8 O,7_WW

_3.83 _.00_08 1.03123 0,739_

_8,7_ 0.00?37 1.0_9_7 0.733_

51,.+3 0.003_1 1.02_15 0.72_0

_q.53 3.00ck1 1._Z054 0.7180

b3.39 0.009_? 1.01791 0.71Z8

66.63 0.00L_8 1°01_8_ 0.7080

69.52 0.0075_ 1.01_9 0.7036

T0.ZI 3.00885 1.01_99 0.6999

74.7g 0.009_$ 1,0110_ 0.6067

/7.?_ 3.01101 %.01100 0.69_Z

?q,?2 0.01Z_6 t.01023 0.8922

82.13 0,0135_ 1.00_5_ 0.6q05

08.09 0.01699 1.00810 0,6878

93.9_ 0.01077 1,00719 0.8883

gq.?_ O.OZk7_ 1.006_0 0.685_

I_5.5_ 0.0Z906 1.00578 0.68_8

III.2_ 0.03387 1.005Z5 0.88_3

Ii_.87 _.03_57 _.00_I 0.66_0

127,95 3.0_920 1.00413 0,6837

138.76 0,06091 1.0036_ 0.6838

1_q.3_ 0.07365 1.003Z2 0.&837

15%53 O, llOOk Io00Z90 0,5430

179,5q 3.14918 1.00_2 0.$_00

J90,78 0.19_97 1o00208 0,5385

Z17._3 _.2_131 1.0018_ 0.5375

23_.I0 _.19_36 t. O016Z 0.5382

_=Z,.5 0o3531; 1.001_8 0.5331

Z9_.12 0.5_877 1.00116 0,5019

335._2 0._127 1.00096 0ok353
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C 2

5.00 MPA ISOBAR

THERMOOYNAMIC PROPERTIES OF PA_ANYORDGEN

1EMPERATUR( VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENER6Y OF $OUNO

OE6. K GU H/KG CU H-MFAIKG NPAIK KJ/K6-K KJ/K6 KJ/KG-_ KJ / K6-K N/5

4 15,382 0.01256 1._7_6 0.9589 -306.2 -2_3,_ 5.081 _.88 6,;0 1390

lb 0.01262 1.;_19 0,9656 -302.5 -239.; 5.338 5,01 6.66 138k

17 0.01273 1.3771 0.9705 -296.2 -232.5 5.75_ 5,19 7.07 1370

10 0,01285 1.3108 0.9690 -289.5 -225*Z B.170 $.35 7.38 1353

19 0.01290 1.2_80 0.9623 -282.5 -217.6 6.585 5.k9 7,87 1337

20 0.01311 1.1937 0.951_ -275.1 -209.5 6.998 5.62 6.22 1322

21 0.01325 1.1291 0.9383 -267.k -201.1 7,_08 5.73 8.61 1302

22 0.01330 1.0703 0.9233 -259.3 -192.3 7.010 5.83 8.90 1283

23 0,01356 1.[116 G.9071 -250.9 -183.1 8.225 5.93 9.37 1263

23 0.01373 0.95k2 0.8895 -2;2.2 -173,6 0.632 &.01 9.76 12k5

25 0.01391 0,8976 0.8703 -233.2 -163.6 9.039 &.08 10.17 1225

26 0.01311 0.8_09 0*0_97 -223.8 -153.2 9o;_6 6.15 10.59 1203

27 0.01_32 0.7852 0.827k -21k.0 -132o; 9,85; 6.21 11,03 1181

20 0.01_53 0.7307 0.8035 -203.9 -131.2 10.263 6,26 11.;9 1158

29 0.01378 0.6762 0.7702 -193.3 -119.; 10.675 6.31 11.97 1133

30 0.01503 0.E262 0.7516 -182.; -107.2 11.089 6.3; 12,37 1109

31 0.01533 0.5776 0.7238 -171.1 -93.5 11,506 6.38 12.98 1083

32 0.01563 0,5319 0,6951 -159.; -81.3 11.927 6,k1 13.51 1059

33 0.01597 0._873 0.6657 -1_7.3 -67._ 12.352 6._q 13.09 1033

3_ 0.01633 0.;33; _.6355 -133.7 -53ol 12.781 6._6 1;.72 1005

35 0.01673 0.q03_ O.&O;5 -121.7 -38.0 13,217 6.;9 15.36 977

36 0.01717 0.36;5 0.5731 -108.2 -Z2.3 13,659 6.51 16.07 9_9

37 0,01766 0.33C3 0.5313 -9_.2 -5.9 13.109 6.53 16.77 921

38 0,01820 0._961 0.5095 -79.7 11.2 13.566 6055 17051 093

39 0001079 0.2690 0,_779 -6_.6 Z_,1 150030 6.56 10.26 865

_0 0.019;5 0*2_3 0._70 -;9.5 ;7.7 15,502 6.58 18.96 839

_2 0.02098 0.20_1 0.3883 -17.9 87.0 16.361 6.bZ 20.28 791

;_ 0,02281 0,1771 0.3356 1_.6 126.6 17,328 6.66 21.22 751

;6 0.02391 0.1615 0,2903 _6.5 171.0 18.370 6.73 21.63 720

k8 0.0272_ 0.1_55 0.2525 77.9 21_.1 19.287 6,78 21.39 701

50 0.02970 0.15_5 0.2217 107.7 256.2 2001_7 6,80 20.66 609

52 0.03222 0.1620 0,1967 135.5 296.6 20.939 6.82 19.71 68;

5; 0.03k73 0.1706 0.1766 161.; 335.1 21.663 6,83 18.73 68_

5& 0.03721 0.18C8 0,1603 105,9 371.9 22.335 6.85 17.88 687

58 0.0396; 0.1920 0.1370 208.7 ;06.9 22,938 6.86 17.12 692

60 O.OkZOZ 0.2035 0.1358 230,6 _0,5 23,518 6.89 16.50 698

65 0.0;776 0.2333 0.11_7 281,1 519.9 23.769 7.01 15,37 715

70 0.05325 0.2631 0.0997 328,7 59_,9 25.g02 7,21 lk.72 733

75 0,05853 0.2918 0.0886 379,9 667,5 z6.go_ 7.97 13.38 7;9

80 0,06365 00320_ 0.0799 _2008 739,0 Z7,827 7.79 lk.Z5 765

85 0,06867 0.3_83 0.0728 367.1 810.5 28.693 8.16 1;.26 760

90 0,07355 0,3752 0.0670 513.2 682°0 29.511 8.55 14,37 794

95 0.0783k O.k01; 0,0621 562.6 95_.3 30.293 8.96 13.$7 008

100 0006306 0.k271 0,0580 612.5 1027.8 31.036 9.38 lk.81 821

120 0.10133 0.52;9 0,0;59 829.2 1335.8 33.051 10.9_ 15.90 873

130 0.11907 0,618k 0.0383 1066,2 166106 36.360 11091 16061 929

160 0.136;8 0.7090 0.0329 1313.3 1996.7 38.597 12.28 16.83 906

100 0015367 0.7977 0.0269 156k.0 2332._ ;0,57k 12.25 16,70 10_3

200 0.17071 0.6861 0.0258 1809.7 2663.2 _2.317 12.00 16,38 1099

220 0.187&_ 0.9716 0.0233 20;8.8 298700 ;3.860 11.68 16001 115;

2;0 0.20;;9 1.0573 0.0213 2281,1 3303.5 ;5.237 11.37 15.66 1207

260 0.22125 1,132; 0.0196 2507,3 3613.7 _&._Tg 11011 15,37 1257

280 0.23802 1.2271 0.0181 2728.7 3918.8 k7.610 10,91 15,14 1305

300 0.25;78 1.312_ 0,0169 29;7.0 ;220.9 _8.651 10.75 13.97 1352

350 0.2963_ 105219 0.013_ 3_80.2 ;962.1 50.936 10.53 1;,72 1358

GO0 0.33788 1.7303 0,0126 qO05.S 569_.9 SZ.89; lO.;k 1k.61 1556

350 0.37930 1,9381 0.0112 k527.; 6;23.9 53.612 10._2 13.57 1636

500 0,k2067 2,1355 0.0100 50_9.0 7152.3 56,1_6 10._1 13.56 1732

550 0.36201 Z.3525 0.0091 5569.9 7880.0 57.533 10.k2 13.56 1813

600 0,50333 2.559; 0.0083 6091.6 8608. J 58.799 10.33 1;,57 1891

700 0,58593 2.9728 _.0072 7137.6 10067.3 61.0k9 10._9 lk.62 2036

800 0.668;9 3.3858 0.0063 8190.0 11533.3 63.006 10._8 1;,71 2170

900 0.75103 3.7987 0.0056 925_.7 13009.8 6k,7_3 10,70 13.83 229k

1000 0.83355 _.211_ 0.0050 10332.3 1_500.0 66.316 10.86 1_.99 Z311

1200 0.99857 5.0367 O.OOk2 125_3.0 17535.9 69.070 11,_ 15.31 262_

1_G0 1.16357 5.8618 0,0036 1_835.9 20653.0 71.477 11,68 15.91 2816

1600 1,32856 6,6867 _.0031 1721k.8 23857.6 73,593 12.10 16.23 299;

1800 1.39350 7.$117 0.0028 19681.2 271;9.1 75.;g_ 12,51 16.63 3161

2000 1.65871 8.3366 0.0025 222;2.5 30536.1 77.3_; 12.97 17,11 J316

2500 2,07;67 10,3988 0.0020 29239.1 39612.; 83.733 15,22 19.51 3651

3000 2*51137 12.;609 0.0C17 38263.; 50020.3 91.173 21*2_ 26.28 392k

• IMO-PHASE 60UNOARY
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5.00 HPA ISOBAR

TM{RMOJYhAMIC PROPERTIES 0 r PARAHYDR_GEN

IENPERATURE OENSIIY V(DHIOV_ V(OP/OUI V -VIDP/D_) T -(DV/DT_/V THEPHAL
CONDUCTI#ITY

OEG. K KG/CU M KJ/KG HPA-CU M/K@ MPA 1/DEG. K W/K-H

X 102 J lO _

• 15.382 ?9.6358 ?83.3 0,24654 117.4329 0.00012 91.17

16 79.Z264 1_?.3 0.24343 114.2398 @.00845 R5.52

12 T8.5400 788.2 0.23818 108.1565 0,00891 100.86

16 77,8155 787.] 0.23283 101.9981 0,@0950 104.95

19 72.062Z 786.1 0.22740 96.1733 0.01001 107.77

20 ?@.Z251 287.1 0.22203 91.0477 @.01045 110._Z

21 75.4@45 761.7 0.2169D 85.2046 0.01101 113.42

22 _4,6146 77?.0 0.21204 29._570 0.0215_ 115,6_

23 23.7364 770._ 0,20750 74,5_4 0.0121_ 117,20

24 22.82ZZ 762.8 0.20319 69.4868 @.01?BO 118.]5

25 71.8715 753.7 0.19904 64.5099 0.01149 119.95

26 ?0.8@05 ?_3.0 0.19495 59.6058 0.014?5 li0.0_

22 69.8_96 721.3 0.19081 5_.8474 0.01509 118.84

28 68.2720 718.7 0.186E1 50.2511 3.01599 116.27

29 67,6_?@ 705.4 0.18239 _5.8796 @.01596 117.41

30 66.4152 690.6 0.17822 41.6295 0.01_05 116.30

31 @5.2503 676.0 0.12391 37.6892 O.Ot_ZO 114.51

32 @3,9@97 6E1.5 0.16952 3w.0273 0.0204] 112.55

33 62.6310 6_5.9 0.16512 30.5213 0.02181 110.43

34 61.23_9 629.0 0.16060 _7.1527 0.0_341 108.22

35 59.7690 612.7 C.15593 24.1108 0.02507 105.8l

36 58.2355 595._ 0.15119 21.2278 0.02700 103.41

37 50.@288 579.3 0.I_635 18.702W 0.02894 100._5

38 5_.95_4 562.9 0.1_154 16.3795 0.03119 90.Z2

39 53.212Z 5_6.9 0.1@682 14.3153 0,03339 q5.62

_0 51._0?1 532.? 0.13215 12.5596 0.03559 93.45

42 47.6583 507.9 0.12317 9.7251 0.03993 89.06

_4 _3.8420 _90.8 0.11495 7°7629 0.0k323 84.77

_6 _0.1320 _03.0 0.10243 6.4812 3.04479 80.84

_8 36,7078 483.4 0.10151 5.7089 0.0W424 7T.38

50 33.66_7 _90.9 0.096?7 5.2680 0.0420_ 7_.53

52 31.0368 5C3.9 0.09293 5.0??8 3.03912 77.32

5_ 28.7934 521.3 0.089?? 4.9125 0.03596 70.71

56 26.8?63 541.6 0.08712 _.8583 0.03301 69.61

58 25.2Z71 564.1 0.08487 4.8_37 0.0303_ 68.90

60 23.7978 588.2 0.08283 4.8_35 0.02_0_ 68.64

65 20.9367 654,7 0.07812 4.8_41 0.02348 69.25

70 18.7801 728.8 0.07368 4.9402 0.02019 TO.?8

75 17,0056 8C_.5 0.06932 4.9860 ).01776 72.04

80 15.7118 @9?.8 0.0652_ 5,0342 0.01582 ?4.67

85 lk,5616 993._ 0.06130 5.0718 0.01435 78.78

90 13.5961 1094.5 0.05?63 5.1010 0.01313 83.01

95 12,2650 1?el.5 0.0543Z 5.1242 0.01Z13 07.3_

100 12.0401 1313.k 0.05136 5.1426 0.0112_ 94.20

120 9.8688 1792.9 0.04252 5.1798 0.0088? 118.99

1_0 8.3984 Z254.0 0.03826 5.1932 0.00737 I37.23

160 ?.3272 7658.1 0.03655 5.1949 0.00633 1_9.11

180 6.50Z5 2999.5 0.03625 5.191_ 0.0055? 156._5

ZO@ 5.85_9 3292.B 0.03669 5.1850 0.00_97 161.64

220 S.3?93 ]557.0 0.03744 5.1778 0.00450 165.08

2k0 _,8902 3800.5 0.03824 5.1703 0.00_11 168.10

260 _.5191 4058.5 0.03895 5.16Z8 0.00379 121.20

280 k.2013 4312.0 0.0395Z 5.1556 0.00351 174.58

300 3.92_9 457_.3 0.03994 5.1512 0.00J2? 128.27

350 3,5140 5Z50.3 0.04051 5.1348 0.00280 188.83

_00 2.9596 5954.2 0.04066 5.1Z12 0.00245 200.48

k50 2.0365 6@76.8 0.04060 5.1097 0.0021_ _12.72

500 2.37?2 7_03.8 0.0_052 5.1001 0.00197 225.02

550 2.1644 8137,3 0.0_0_1 5.0919 0.00129 237._0

600 1.9868 8875.6 0.04020 5.08_9 0.00164 749.77

200 1.7067 1037_.9 0.03996 5.0?36 0.00141 2?4.59

600 1._959 11909.3 0.03953 5.0649 0.00123 299.69

900 1.3315 13495.8 0.03901 5.0580 0.00110 325._4

1000 1.1997 15140.0 0.03839 5.05Z4 0.00099 _0.56

1200 1,001_ 18602.9 0.03201 5.0_]9 0.00083 511.13

1_00 0.8594 2229_.3 0.03558 5.0372 0.00071 583.35

1600 0.7827 25131.4 0.03_31 5.0331 0.00062 655.72

1800 0,6095 30115.3 0.03318 5.0293 0.00055 729.19

2000 0.6029 34402.4 0.03196 5.0259 0.00050 809.75

2500 0.@820 _8890.6 0,0272_ 5._123 0.000_0 1136.04

3000 0.3982 78243.2 0.01970 _.9018 0.0003_ 1996.91

TWO-P_ASE BOUNOARY

C-2

VISCOSITY TMERMAL DIELECTRIC PRANOTL

OIFFUSIVITY CONSTANT NLMBER

KG/_-S SQ M/MR

X 107

Z85.79 0.0006_ 1.26081 2.0050

265.4? _.0006_ 1.25937 1.8493

237.88 0.00065 1.25695 1.6680

215,35 ).0006_ 1.2543_ 1.5345

196.75 0.0006_ I.Z512w 1,4359

181.10 0.0006_ 1.?_897 1.3_90

167,84 3.00063 1.2_612 1.2738

156.35 0.0006J 1.24314 1.?145

146.37 0.0006_ 1.24007 1.1694

137.55 0.C0060 1.236_ 1.1348

129.69 0.00089 1.23356 1.1087

122.61 0.00057 1.23011 1.0906

116.19 3.0005_ 1.22653 1.0706

110.29 a.ooo5_ 1.22779 1.0717

104.84 0.0005? 1.21890 1.0604

99.78 0.00051 1.21485 1.06_7

55.05 0.00049 1.21063 1.0276

90.59 0.00047 1.20623 1.0872

86.3_ 3.00045 1.20164 1.1019

82.3q 0.00043 1.19686 1.1208

78.58 3.000_? 1.19186 1.1401

74.9k 0.00040 1.1806_ 1.1@48

71.46 O.OOC3_ 1,18120 1.1079

60.14 0.00037 1.17554 1.2145

64.97 0.00035 1._6967 1.2408

61.98 0.00035 1.16360 1.2573

56.55 0.0003] 1.15109 1.2877

51.9_ 0.00033 1.13844 1.3002

_8.2_ 0.00084 1.12025 1.2908

45.39 0.00035 1.11504 1.25k5

43.31 0.00039 1.10512 1.2004

41.04 @.00043 1.09659 1.1_04

40.81 @.0304T 1.08949 1.081_

40.11 @.0005? 1.08336 1.0301

39.6_ 3.0005? 1.07_11 0.9848

39.3? _.00063 1.07352 0.9461

39.24 0.00077 1.06453 0.8211

39.6? 0.00092 1,Q5275 0.824@

40.43 @.00106 1.Q574_ 0.@0@9

41.39 0,00120 1.04815 0.7892

W_.47 0.00137 1.0W457 0.?685

43.63 @.00153 1.04157 0.?554

_4.83 0.00169 1.03900 0.T_80

47.31 @.00190 1.03625 0.?_40

54.?B ].0022_ 1.03005 0.2310

59.80 0.0035_ 1.02554 0.?Z38

@3.63 0.00_35 1.02_25 0.2173

66.@4 @.00520 1.01975 0.2115

69.72 ).0060? 1.01276 @.?063

?2.40 0.00691 1.01615 0,2020

?4.97 @.0C790 1.01481 0.@984

77._7 @.008_7 1.01368 0_6_56

79,92 @.0098_ 1.01_?_ @.b_33

&?.34 0.01093 I.Ql18_ 0.8913

@8.32 @.81369 1.01020 0.@883

94.22 0.01669 1.00895 0.@866

100,02 @,01993 1.00297 0,6856

105.86 0.02341 1.00218 0.6849

111,60 0.0221 _ 1.00654 0.6844

117.27 0.0110_ 1.00600 0.6840

128.47 @.03967 1.00515 0.6837

139.30 0.0_90_ 1.00_5I 0.6835

1_9.93 0.08924 1.C0,02 0.6836

160.30 _,08_71 1,00062 0.5454

100,39 3.t1955 1.D0302 D.5_25

199.6_ ].15461 1.Q0259 0.5_10

218.26 ).193Z9 1.002Z? 0,5401

236.25 0,?357? 1.00Z02 0.53@9

_58,?0 @.28_5_ 1.00182 0,53@2

295.60 0.43_94 1.G0145 0.5076

336.92 0.68695 1.00120 0.4_34
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C-2

6.00 MPA ZSOBAR

TH[RMOOYNAMIC PROPERTIES DF PARA_tYDPOGEN

TEMPERATURE VOLUME ISOTMERM ISOCHORE INTERNAL ENTHALPY EtdTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG. K GU MIKG CU M-MFAIKG MPAIK KJIKG-K KJ/KG _JIKG-K KJ I KG-K N/S

15.678 0.01248 1,5352 0,9b65 -305,5 -2]J.& 5.1_3 _,9_ 6,40 1WIW

16 0,01E5Z 1.5184 0.970? -303,E -Z28.5 5,?35 4.98 6.54 1411

17 0.0126Z 1.4521 C,9773 -297.k -221.7 5.b_4 5,17 6.95 1397

18 0,012T$ 1.3891 0.9784 -291,0 -Z1_.6 5.052 5.33 T,3W 1383

19 0.01285 1,3275 0,9746 -284.1 -207.1 6.459 5.48 7,22 1368

20 0,01297 1,2678 0.9665 -277.0 -199.! 5.865 5.5[ 8.09 1352

21 0.01310 1.2171 0,9551 -269,5 -190.9 7o268 5,72 8,43 1339

Z? O,O13Zk 1,1548 C,9421 -261.7 -182o] 7,5_8 5.85 8.79 1320

23 0.0¢339 1.0975 0,9270 -753,6 -12]o3 8,068 5.9_ 9.15 1302

24 0,01355 1.0404 0,910? -2_5.2 -16W.3 8._64 6.00 9,52 1264

25 0,01371 0.98_7 0,8930 -23&,5 -1_.3 8,860 6.0e 9.89 1265

26 0,01389 0.9301 0.8740 -222,5 -14_.? 9.256 6.15 10.26 1246

27 O.OI_Ol 0._257 0.8536 -218,2 -133.7 9,650 6°?1 10.66 1226

28 0,01427 0.8223 0,8318 -208.5 -122,9 10,0_5 5.26 11.06 1205

Z9 0.01449 0.7702 0.8086 -190,5 -111.6 10._0 6.31 11.40 1183

30 0.01471 0.7202 0.7842 -18_,2 -99.9 10.832 6.35 1_.90 1161

31 0.01k96 0.6722 0.758_ -177.6 -87.8 1I.23_ 6.39 12.33 I139

32 0.01522 0.6260 0.7325 -166.6 -25.? 11,533 6._Z 12.70 1116

33 0.01550 0,58G2 0,7055 -155.2 -62.? 12,033 5,_5 13.25 1092

34 0,01580 0.5386 C.6782 -Lc3,6 -4_.7 12.436 6.48 13.T3 1068

35 0,01613 0.4990 0.6504 -131.6 -3_.8 12.841 6.50 14.22 1045

36 0.01640 0._609 0.6222 -119,Z -20,3 i3.249 _.5? 14.74 1020

37 0,01601 0.4Z44 0.5936 -106.5 -5.3 13.660 6.54 15.28 996

30 0,01720 0.3915 0.5651 -93.4 10.3 14.074 6.56 15.81 972

39 0.01773 0.3604 0.9364 -80.0 Zb.3 14.492 6,52 16.36 9_?

40 0.0182Z 0.3_33 0.5082 -66,3 W_.9 IW.912 6.55 16,86 924

42 0.01931 0.2862 0,4536 -38.2 77.? 15.760 6.60 17.86 880

44 0.02058 0,2504 0.4027 -9.2 114.3 16.611 6.63 18.70 6_1

45 0.02204 0.2252 0.3568 19.6 151._ 17.4_6 6.70 19.33 806

48 0.02366 0.2U85 0.3165 48.9 190.9 18.276 6.75 19.65 779

50 0.02542 0.2003 0,2810 77.7 230.2 19.078 6.79 19.60 ?60

5Z 0.02728 0.1977 0.2523 105.4 26_.1 19.8_2 6.82 19,29 747

54 0.0Z921 0.1995 0.22?3 132.0 307.2 20.560 6.85 13.78 739

56 0.03116 0,2049 0.2063 157.5 344.W Z1.23T 6.8S 18.17 ?36

50 0.03311 0.2122 0,1087 181.4 380.1 21.864 6.90 1T.56 735

60 0.03505 0.2211 0.1738 204.4 414,7 22.450 _.93 17.00 737

65 0.03981 0.2_60 0.1456 257.9 _96._ 23,76_ ?,05 15,92 745

70 0.04_42 0.2737 0.1256 307.9 57_,w 2_.916 7.2_ 15,21 758

75 0.04887 0.3015 0,1109 356.1 649.3 25.9_9 7.50 14.81 TT1

80 0.05321 0.3291 0.0994 403.6 722.8 2b.898 7.82 14.62 705

85 0.05743 0.3565 0.0903 _51.2 ?95.8 27.783 8.18 14.60 798

90 0,06156 0,3834 0.0829 499.5 868.9 28,619 8.5T 14.68 810

95 0.06562 0,4098 0,0766 549.0 942.7 29.417 8,98 14.05 8Z3

100 0.06965 0.4362 0.0713 599.0 1017.7 30,186 9.40 15.05 636

120 0.00506 0.5350 0.0560 819.3 13Z9,? 33.027 10.97 16.05 805

140 0.09999 0.6296 0.0464 1058.1 1658.1 35.556 11.93 16.72 939

160 0.11_60 0.7212 0.0398 1307.5 1995.1 3/.806 _2.30 16.92 996

100 0.12901 0.8107 0.0349 1558.1 _332.2 39,T93 12.26 16.76 1053

200 0.14328 0.8987 0,0311 1804.6 2664.3 _1.5_1 12.01 16.43 1109

220 0.15_49 0.9856 0.0281 2044,3 2989.0 43.089 11,69 16.05 1163

240 0,17154 1.0718 0,0256 2277.1 3]0_.3 _4._70 11,38 15.70 1116

260 0.18557 1.1573 0.0235 2503.8 3617.2 45.71_ 11,12 15,40 1266

280 0.19955 1.2423 0,0218 2725.5 392Z.8 46.8_7 10,91 15.17 1314

300 0.21357 1.3582 0.0203 Zgk4.2 4225.7 _7.8_1 10.76 14,99 1360

350 0.24829 1.5381 0,0123 3478.1 4967.8 50.12_ 10,5_ 14.73 1466

_00 0,20290 1.7669 0.0151 4003.8 5701.2 52,138 10.45 14.62 1564

_50 0.31_44 1.9548 0.0134 4526,0 6_30.7 53.857 10.42 14,58 1654

500 0.35194 Z.1623 0.0120 5047.8 7159.5 55.392 10._1 14.56 1_39

550 0.386k0 2.3695 0.0109 5_69,0 T887._ 5_.7_0 10.42 14.56 1020

600 0,42005 Z.57_5 0.0100 6090,8 8615,9 58.0_6 10.43 14.57 1097

?00 0.48969 2._900 0.0086 7137.0 10075.2 60,297 %0.49 14.62 20_2

000 0.55050 3.4031 0.0075 8190.4 11541,_ 6Z.253 10.58 14.71 2175

900 0.6Z129 3.8160 0.0067 925w.4 1301_.1 63.991 10.70 14.83 2300

1000 0.69606 4,ZZ87 0.0060 1033_.0 14508._ 65,564 10.86 14.99 2416

lZ00 0.83359 5._540 0.0050 12542.9 17544._ 60,318 I|.24 15.37 _6Z6

1400 0.97109 5.8791 0.0043 14835.8 20662.4 70.725 11.68 15.81 2621

1600 1.10059 _.70_1 0.0038 17214.7 23866.2 72.841 12.10 16.22 2996

1800 1.24610 _.5290 0.0033 19680.0 27197.4 74.7_1 12.50 16.63 3165

2000 1.38320 8.3539 0.0030 Z2240.3 30542.5 76.591 I_.96 17.10 3320

2500 1.73009 10.4161 0.0024 29205.4 39585,9 82°966 15.08 19.35 3656

3000 Z.09227 12.4783 0.0020 38052._ 50600.0 90.339 20.6_ 25.59 3932

TWO-PHASE BOUNDARY
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,i

6.00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/Od_

OEG. K KG/CU M KJ/KG

• 1S.670 80.108W 815,0

16 79.9076 817._

17 79,2460 818.3

18 78.5592 819.2

19 ?7.8390 819.0

20 77.0922 818.0

21 76.314_ 819.4

27 75.5170 813.9

73 74.68Z7 809.0

24 73.8Z57 802.5

75 77.93_6 T95.0

26 72.0101 786.6

27 71.0941 776.9

20 70.0607 766.3

29 69.0310 75_.8

30 67.9619 7k2.7

31 66.8519 730.4

32 65.701h 717.5

33 64.5097 703.3

34 63,2732 690.0

35 61.9927 676.5

36 60.6643 662.h

3? 59.2908 6A7.8

38 57.8690 63h.0

39 56,40_7 619,8

40 5_.8979 607.1

42 91.7818 583.5

4; 48,5?97 565.0

46 45,3752 553.4

40 _2.2687 547.3

50 39.3388 548.0

52 36.6521 553.9

54 34.2378 564,4

56 37.0953 579.2

58 30.2035 596.6

60 28.$Z93 616,9

65 75,1194 675,9

70 22.514k 745.7

75 20._609 023.7

60 18.7948 909.6

85 17.4128 1003.1

90 16.2435 1103.5

95 15.2307 1Z09.0

100 16.3578 1322.2

120 11.7562 1804,3

140 10.0012 2267.5

160 8.7257 7674.1

180 7,7511 3017.7

200 6.9797 3312.8

220 6.3512 3578._

260 5,8296 3831.0

280 5.3888 4081,9

280 5.0112 4336.2

300 ;.6823 4600.2

350 4.02?5 5277.2

_OO 3.5348 5981.9

450 3.1502 6705.2

500 2.8414 7432.6

550 2.5880 8166,5

600 2.3767 8905.1

700 2.0421 10402.9

600 1.7905 11939.7

900 1.5942 13526.6

LOOO 1.4367 15171,3

1200 1,1996 18635.1

1400 1.0290 22325.5

1600 0.9020 2616_.3

1800 0.8025 301_2.9

2000 0.7227 34_07.7

2500 0.5780 40540.7

3000 0._780 76323.3

• TWO-PHASE 80UNOSR¥

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN C-2

_(OP/OU_, -V(OP/OV) T -(DV/OT_/; THEPHAL VISCOSITY THERMAL DIELECTRIC PRANSTL
GONOUCTI_ITY 0IFFUSIVITY CONSTANT NUMBER

MPA-CU _/KJ MPA t/OEG, K W/K-H KG/M-S SQ M/HP
x 10 _ x 10 _ x 107

0.2_531 122.9816 0.0078& q4.]8 291.98 0.00066 1.762_8 1.9813

0.Z4368 121.3254 0.00_00 96.&2 280.9Z 0.000E_ 1.Z6176 1.9004

0.23857 t15.07_4 0.00_49 102.72 251.31 0.00067 1.259_w 1.7007

0.23347 109.1289 0.00t97 106.54 227.24 3.00066 1.25701 1.5666

0.22846 103.3346 0.009_ I09.56 207.3_ 0.00066 1.254_7 1.4619

0.22361 97.7382 0.00989 112._I 190,68 0.00065 1,2518W 1.3721

0.21860 92.8_49 0.0t028 115.60 176.53 0.00065 1.2_911 1.2867

0.21407 87.Z0_T 0.01080 118.06 154,45 3.0006_ 1.ZW631 1.22k7

0.Z096_ 81.9628 0.01131 119.87 153.88 0.00063 1,2_33_ 1.1746

0.205_3 76.8050 0.01186 121.15 144,65 3.00063 1.74038 1.1361

0.201_I 71.8215 O.012kT 121.95 136.45 3.00061 1.23727 1,1061

0.19746 66.97_1 0.01S05 177.28 129.09 0.00060 1.23_0_ 1.0836

0.19351 62.2237 0.01372 t22.26 122.45 0.0005_ 1.23072 1.0675

0.18952 57.E127 0.01_4_ 121.91 116._0 0*00057 L*22726 1.0564

0.18953 53.1672 0.01521 121.28 110.04 0.00055 1.22369 1.0492

0.18162 _8.9441 0.01687 120._1 105.70 3.000_ 1.21999 1.0_7

0.17759 4_.9390 0.0168_ 118.8E 100.92 0.00052 1.21615 1.0_70

0.17353 _1.1262 0.0170_ 117.16 96.46 0.00050 1.21218 100571

0.169_7 37.43t2 0.01885 115.]2 92.27 0.000_9 1.Z0008 1,0605

0.16545 34.0776 0.01990 113.39 88.31 0.000_7 1.20384 1,869_

0.16138 30.9365 0.0210] 111._7 8k.57 0.000_5 1.19945 1.0801

0.15723 27.9606 0.02225 109.25 81.02 0.00044 1.19491 1.0931

0.1530k 25.1656 0.02359 107.06 77,65 0.000_3 1.19023 1.1083

0.14889 _2.65_6 0,02_94 104.00 74.43 0.000_1 1.18540 1.1231

0.14480 20.326? 0.02639 102.51 71.38 3*00040 1.18044 1.1390

0.1h075 18.296_ 0.02778 100.19 68.49 0.00039 1.1753k 1.1527

0.13275 1_,8206 0.03061 95.96 63.18 0.00037 1.16406 1.1757

0.12507 12.1657 0.03310 92.17 58.53 0,0003? 1.15415 1.1877

0.11743 10.2169 0.03_92 88.57 5_.57 0.00036 1,14351 1.1908

0.11097 8.8143 0.03591 85.29 51.32 0.00037 1,13375 1.1825

0.10549 7.8782 0.03577 82.37 _8.71 0.00038 1.12363 1.1591

0,10089 7.2_6 0.03487 79.91 4E.70 3.00041 1,11486 1.1Z7Z

0.09686 6.8315 0.03327 77.97 45.19 0.00044 1.10702 1.0890

0.09346 6.5?65 0.03137 76.36 _4.08 0.00047 1.10010 1,0486

0.09057 6._089 0.0296_ 75.22 43.27 0.00051 1.09401 1.0105

0.08797 6.3073 0.02756 ?4.52 _2.71 3.00055 1.0886_ 0.9744

0,08223 6.1803 0.02355 7_.27 42.01 0,00067 1.07776 0.9003

0.07708 6.1615 0.02039 75.12 41.98 0.00079 1.06951 0.8_97

0.0?224 6.1681 0.01797 75.78 42.37 0.00090 1,06303 0.8279

0.06768 6.1862 0.01608 ¥8.02 43.05 0.00102 1,05779 0.8068

0.06342 6.2078 0.01_55 81.09 _3.91 0.00116 1.05346 0.7827

0.05951 6.2279 0.01331 85.91 44.89 0.00130 1.04901 0.7673

0.05599 6.2_54 0.01_27 90.05 45.96 0.00143 1.©_660 0.7_78

0.05282 6.2622 0.01138 95.79 48.01 0.00160 1,0439_ 0.7543

0.0_339 6.2901 0.00890 119.95 55.24 0.00279 1.03500 0.7392

0.03893 6.2970 0.00737 137.88 60.15 0.00297 1.03046 0.1295

0.03709 6.2927 0,00633 1_9.83 63.92 0.00365 1,02654 0.7217

0.03673 6.2834 0.00555 157.31 67.09 0.00_36 1.02359 0.7148

0.03711 6.2720 0.00496 162.09 69.95 0.00509 1.02119 0.7090

0.03782 6.2600 0.00_9 165.54 72.62 0.00585 1.01927 0.7041

0.03859 6.2480 0,00_10 168.57 75.18 0.00663 1,01760 0.7001

0.03928 6.2364 0.00377 171.68 77.68 0.00745 1.01633 0.6969

0.03983 6.2255 0.00350 175.08 80.13 0.00829 1.01510 0.694_

0.04023 6.2192 0.00326 178._9 82,56 0.00917 1.01418 0,6921

0,04075 6.1949 0.00279 189.39 88.55 0.01149 1.01219 0.6888

0.04087 6.1748 0.002_ 201.11 94.48 0.01_01 1.01069 0.6889

0.04079 6.1581 0.00217 713._1 100.36 0.01673 1.00952 0.6857

0.04069 6,14_1 0.00196 225.78 106.19 0°0196_ 1.00859 0.6850

0.04056 6,1323 0.00178 238.23 111.96 0.02275 1.00782 0.6844

0.04041 6.1227 0.00164 250.67 117.67 0.02606 1.00710 0.6841

0.04007 6,1058 0.001_1 275.64 128.88 0.03323 1.00617 0.6836

0.03963 6.0932 0.00123 300.09 139.84 0.04113 1.00541 0.6835

0.03909 6.0833 0.00110 326.59 150.53 0,04973 1.00481 0.6836

0,03847 6,0752 0.00099 440.56 160,98 0,07365 1.00434 0.547?

0,03707 6.0630 0.00082 511.13 181.19 0.09979 1.00362 0.5_49

0.03563 6.05_1 0.00071 583.3_ 200.60 0,12903 1,00311 0,5435

0,03436 6.0474 0.00062 655.67 219.30 0.16128 L.00272 0._427

0*03322 6.0_21 0.00055 728.90 237._0 0.19663 1.002_Z 0.5_16

0,03203 6.0374 0.00050 808.56 254.96 0,23558 1.00718 0.5351

0.02754 6.0206 0.000_0 1121.60 29?.09 0,36097 1.00174 0,5126

0.02028 5,96_0 0.00034 1923,06 338.48 0.56595 1.0014k 0.4505
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C 2

7.00 NPA 150BAR

THERMODYNAMIC PROPERTIES Or PARAHYDROGEN

TEMPERATURE VOLUME ISOTHERM ISOGHORE INTERNAL ENTHALPY ENTROPY CV CP ¥ELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG, K CU MIKG CU M-MPAIKG MPAIK KJIKG-K KJIKG KJ/KG-K KJ I KG-K M/S

• 15,968 0.01241 1,5_24 0,97_W -304.7 -217.8 5.125 _.95 6.42 1h37

16 0,01242 1.7910 0,9740 -]Oh,5 -217.6 5.137 ;.96 6.43 1437

17 0,01251 1,5282 0.9838 -298,5 -210*g 5,5_0 5.15 6,8_ 1_24

18 0.01262 1.4642 0.9869 -292.2 -203.9 5,942 5.32 7.22 1_10

19 O,O[ZT3 1*4027 0.9850 -285,6 -196.5 6.3_2 5.47 7.60 1396

20 0,0[284 1.3_50 0,9792 -278.6 -188.7 6,740 5.60 7,95 L362

21 0,0|297 1.2874 0.9699 -271,4 -180.6 7,137 5,72 8.30 1367

22 0,01310 1.23_5 0.9580 -263,8 -172.1 7.531 5.82 8,62 1354

23 0.01323 1.17_; 0,9h_9 -256,0 -163.3 7,921 5.91 8,96 1357

24 0.01338 1.12_0 C.929T -2w7.8 -15_.Z 8.310 6.00 q.30 1320

25 0,01353 1.0684 0,913_ -239._ -1_.7 8,697 6.08 9.65 1303

26 0.01369 1.C1_3 0,8957 -230,7 -13h.9 9,082 6.15 10,00 1285

27 0.01386 0.9618 0.8768 -221,8 -12_.7 9,_66 6,21 10.36 1267

28 0.01404 0.q09_ 0.8568 -212,5 -11_.2 9.850 6,27 10.72 1247

_9 O.O[kZ3 0.8584 0.8355 -202.9 -103.3 10.Z32 6.32 11,10 1228

30 0,01444 0.8083 0.8129 -193.1 -9_.0 10.61_ 6.36 11,_7 lZOY

31 0.01465 O.7&G_ 0,7894 -182.9 -80.3 10.997 6.40 1[,86 [187

32 0.01488 0.71_7 0.7650 -172.5 -68,3 11.379 6._k 12,24 1166

33 0.01513 0.6708 0,7_00 -161,8 -55.9 11.762 6.47 [Z,63 £[44

3_ 0.01539 0.1287 0.714_ -150.7 -W3,0 12.1_S 6.50 13.03 £123

35 0.01567 0,5885 0,6887 -139.5 -29.8 12.529 6.52 13.44 1101

36 0,01596 0.5506 0,6628 -127,9 -16.1 12.914 6.54 [3.66 1080

37 0.01628 0.5134 0,6367 -116,0 -2,1 13,299 6.56 14.31 1058

38 0.01662 0.48C0 0.6104 -103,9 1_.; 13.686 E,S8 14.72 1037

39 0.01698 0,k485 0.58W1 -91.5 27.; 14o074 6.59 15.14 1815

_0 0.01737 0.419_ 0.5579 -78.9 ;Z.7 14,463 6.59 15.55 995

_Z 0.01823 0.3681 0.5067 -53.0 74.6 25.2_1 6.61 16,34 _$4

44 0,01920 0.3261 0.4581 -26.4 108.1 16.019 6,63 17.07 _16

46 0.0Z030 0.2935 0._130 O.Z lk_.3 16,779 6.69 [7.71 _81

_8 0.02152 0.2706 0.3721 _?.5 t78.2 17,54_ 6.7_ 18.11 053

50 0.02285 O.ZS;k 0,3357 5_.8 214.7 18,287 6.79 $8.34 $29

52 0,024Z7 0._44_ 0.3036 01,5 Z51.h 19.008 5,83 18.39 811

5_ 0.02576 0,2400 0.2758 107,7 288.0 19,699 6.87 18.22 796

56 0.02731 0.2398 0.2516 133,3 32_.5 20.362 6.90 17,92 789

58 0.02889 O.ZqZO 0.2307 157.7 360.0 20.98_ 6.92 17,53 70k

60 0.03048 0.Z_80 0,2127 181,3 394.G 21.572 6.96 17.[2 781

65 0,03k_5 0.2667 0.1776 236.6 47Y.8 ZZ.90k 7.08 16.20 781

70 0.03836 0.2901 0.1526 288,5 557.0 24.078 7.Z7 15.54 788

75 0.04218 0.3157 0.1341 338.3 633.6 25.135 7.53 15.13 797

80 0,0_592 0.3420 0,1198 387.2 708.6 26o104 7.8_ 14,92 807

85 0.04957 0.3686 0.1085 ;36,0 783.0 27.006 8.20 14.87 317

90 0.05315 0.3949 0.0992 485.4 857.5 27.857 8.59 14.93 828

95 0.05667 0.4_11 0.0915 535.8 932,5 28.668 9,|0 15,08 8_0

100 0.06013 0._469 0.0850 587._ 1008.3 29,_46 9.42 [5.27 6_1

120 0.07350 0.546_ 0.0662 809.8 1324.3 32.324 11.00 16.20 897

140 0,06640 0.6k18 0,0547 1050.3 1655.1 34.872 11.95 16.83 951

160 0.09901 0.73;0 0.0;68 1300.8 1993.9 37.13_ 1Z*31 [7.00 1086

180 0.111_3 0.82_1 0,0_10 1512._ Z332._ 39.128 [2,27 16.82 1063

_00 0.12371 0.9126 0,0365 1799.6 2665.5 40.882 12.0_ 16,48 1119

220 0.13590 1.[000 0.03_9 2039.9 2991.2 42.435 11._0 16.09 1173

240 0.1_801 1.C8_5 0,0300 2273,2 3309.2 43,819 11.39 [5.73 12Z5

260 0.16007 1,172_ 0,0275 2500.3 3620.7 45.066 11.13 1_._3 1275

280 0.17208 1.2577 0.0255 _722.3 3926.9 46.200 10,92 15.20 1323

300 0,18_1_ 1.3_;3 0.0237 2941.5 4230.5 47.247 10°77 15.01 13_9

350 0.21394 1.55_5 0,0202 3476.0 _973.6 49.537 10.54 1_.75 1_75

400 0.2_363 1.7335 0.0176 ;002.2 5707.6 51.498 10,45 14.63 1571

450 0.Z_326 1,9718 0.0156 452_,7 6_37.5 53.219 10.42 1_.59 1861

500 0.3028; _.1793 0.01kl 5046,8 7166.6 54.754 10.41 14.57 1766

550 0,33239 2.38£5 0.0128 5568.0 789_.8 56.142 10.42 1_.57 1827

600 0.36[92 Z.5936 0,0117 6090.0 8623.5 57.k09 10.43 14,58 1903

700 0.42095 3.0071 0.0100 7136,5 10083.1 59.660 10.49 [4.62 2048

800 0,47993 3.;2E3 0.0088 8190.0 115_9.5 61.617 10.58 14.71 2181

900 0,53890 3.033_ 0.0078 925_,0 13026._ 63,355 10.70 14.83 2305

1000 0.59785 _.2_60 0,0070 10331.8 1_516.8 6_.928 10,86 14.99 2_21

1200 0.7157h 5.E713 0.0058 1254_,7 17552.9 67.682 11.24 15,37 2633

1_00 0.83360 5._9£_ 0.0050 1;835.8 Z0671.0 70.089 11.68 15.81 2825

1600 0.951_6 6.7213 0,0044 17214.6 2387_.8 72.205 12.10 16.2Z 3002

1800 1,06933 7,5;13 0,0039 19680,; 27165.7 7_.105 12.50 16,63 3168

2000 1.16726 6.3712 0.0035 22238.7 30549.5 75.954 12.95 17.09 3323

2500 1.h8_00 10.4334 0.0028 29179.3 39567.3 82.318 lk.97 19,23 36_1

3000 1.79328 12.4955 0,0023 37888.k 50_1._ 89.639 20.17 25.06 3938

* TWO-P_ASE BOUNOAR_
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}',00 MPA ISOBAR

TEMPERATURE DENSITY #(ONIOV)
P

DEG. K KGICU N KJ/KG

15,960 00,5666 8Wk,9

16 60,54/5 8h5,3

17 7g.91;3 84B.5

18 79.2588 8h9,6

19 78.572W 8_0.1

20 77.8601 850.4

21 77.1150 849,3

ZZ 76.3500 851,1

23 75.5655 8_5.5

2W 7_.7W01 8_0,7

25 73.9086 834,2

Zb 73.G]92 827,1

27 72.1426 819.5

28 71,2161 81_.7

29 70.2596 801.1

30 69.2709 ?90.3

31 68.Zk93 779,5

32 67.1955 768.5

33 66.1095 757.1

3_ 6_.9888 745,3

35 63.8359 T33,3

36 62.6474 721,W

37 61.k259 ?08.6

38 60,1709 696.7

39 58,8836 684.7

40 57,5659 673.0

k2 54,8551 651,_

;4 52,0711 633.0

;6 _9.2584 620.1

;8 ;6.;718 612.2

50 _3,?729 608.?

5Z ;1.2091 609.5

5; 38.8158 616,6

56 36,6163 625,5

58 3_.6166 638,8

60 32*8099 655.1

65 29.0283 706.2

70 26,0692 770.1

75 Z3.7060 8_4,3

80 21,7779 927.?

85 20.17_1 1019,4

90 18.8139 1118,3

95 17,6_6_ 1273.8

100 16,6298 133_.6

120 13,6060 1818.5

1;0 11.57_5 ZZ83,4

160 10.1008 2691,9

180 8.97_6 3037.3

ZOO B,083_ 3333.9

220 ?.3585 3600.6

2;0 6.7563 3854.2

260 6,Z;?k 4105.8

280 5.8112 ;360.8

300 5.430? 4626.5

350 4.6?43 5304,5

400 ;.10_6 6009,9

_50 3,6596 6733,7

500 3.3021 7461.6

550 3.0085 8195.7

600 2,7630 8934,?

700 Z,3756 10_32,9

$00 2,0836 11970.1

900 1.8556 13557.;

1000 1.6726 15202,5

1200 1,3972 18667.3

1_08 1o1996 22358.6

1600 1.0510 26197.5

1|00 0*935Z 30172,1

2000 0,8423 3_;19,8

2500 0.6739 _8291._

3000 0.5576 ?W837.9

* TWO-PNASE 80UN0&R¥

THERHOOYNAHIC PROPERrIES OF PARAHYDROGEN

V(DP/OU) -V(DP/OV)
V T

MPA-CU _/KJ MPA
x 10 _

0.Z;430 1Z5,2933

0.2_]3 128.150_

0.23909 122.1251

0.23410 116.0_89

0.22924 110.2150

0.2Z459 104.7199

0.22001 9g.2809

0.21557 94.6381

0,21141 89,1232

0.20730 84.01;9

0,20338 78.9602

0.19956 74.0861

0,19575 6g.3_88

0,19194 64.76;1

0.18816 60.3127

0.18445 55.9937

0.18064 51.8053

0,17681 48.0249

0,17302 44.3451

0,16922 40,8590

0.165_5 37.5682

0.16171 34._949

0,15796 31,5377

0.15_23 28.8802

0.15060 26.4106

0.14699 24°1448

0,13975 Z0,1923

0.13262 16,9828

0.12523 14._590

0,11872 12.5758

0.11296 11.1370

0.10789 10.0635

0,10347 9.3166

0.09960 8.7809

0,096?5 8.4036

0,09319 8.1382

0.086_5 7.7;21

0.08055 ?.5635

0,07516 7.4838

0,07016 7,4491

0,06555 7.6365

0,06137 7.430_

0.05761 ?.4312

0.05429 7.43Z5

0,0;_26 7,4343

0.03958 7.4281

0.03763 7._137

0,03719 7.3960

0.03753 7.3773

0.03821 7.3588

0.03895 7.3410

0,03961 7.3243

0.0;013 7.308?

0.0;051 7,3002

0.04100 7.2663

0.0;108 7.2384

0.04098 7.2154

0.04086 7.1961

0.04071 7.1799

0,0;055 7.1661

0,04019 7.1437

0,0397_ T.1266

0.03918 7.1130

0.03854 ?,10_0

0.03714 7.0854

0.03569 7.0733

0,03440 7.0643

0,D33_? T,05?O

0,03209 7.0508

0,02776 7,0306

0.02075 6,9679

( Z

-(DV/DT)/V THERMAL VISCOSITY THermAL OIELECrRIc PRANDTL

P CONDUCTIVITY DIFFLJSIVITY COt_I_IWT NUMBER

1/DEG. K N/K-H KG/HzS _Q H/MP
w 103 x 10'

0,00760 97,_6 Z98.16 O.OO_6_ 1.26_11 1,9633

0.00761 97,68 Z97.03 _,CO_b_ 1,20W0_ 1.9553

0.00806 103.SI 765.12 3,n006_ I.Z6tBD 1,7S07

_.00850 108.35 _39.W0 3.0006_ 1,259w8 1,6008

0.0089; 111.26 Z1R.17 0.0_067 1._5706 1.4898

0.00935 114.31 200,W5 3.0006_ 1.25_55 1,3945

0.00977 117,69 18_.39 O.COD,' 1.25193 1.3069

0.01012 120.32 172,53 J.3GCt_ 1.2_2] 1,235W

0.01060 172._3 161,46 _._0_ I._46_ 1.1831

0,01107 1_3.78 151.72 O._OOh_ 1.2_361 _,14_W

0,01157 1_W.76 1_3.14 3._C_ 1.2_J67 1.1072

0.01209 125.27 135.47 3._D063 1,2_764 1.0814

0.01_6_ 125,;Z 128,58 3.0_) L.23_51 1.0617

0.01323 I_5._6 122,32 O.OOCBg 1.2312_ 1.0473

0.01185 124,82 116,61 3.CGCB_ 1.2279S 1.0366

0.01452 I24,14 111.36 0,00_50 1.22453 1,029_

0.01521 122.79 106.R9 _.00055 1.2209_ 1.0283

0,01593 121._8 101.97 3.00053 1.21734 1.0293

0,01669 119.65 97.75 _.00052 t.21359 1,0321

0.017k9 117,94 93.76 _.00050 1.2_973 1.0363

0.01833 116,1_ 90.0_ 3.000_q 1.20577 1.0k23

0.01921 11;.25 86.$1 _.000_ 1.20169 1.0_96

0.02019 112,31 83.17 0.0004_ 1.I9751 1,059R

0,0211] 110.31 80.00 0.00045 1.1_32_ 1,0679

O.O_ZI_ 108.27 77.00 O.00Ch_ 1.J8_85 1.0768

0.02311 106.21 74.1_ 0.00043 1.18437 1.0856

0,02509 102.06 68.90 0.000_1 1.17520 1,1033

0.02697 98.31 64,24 0.000_0 1.1658] 1,1157

0,02056 95,01 60.18 3.00039 1.15641 1,121_

0.02958 91,89 56.70 0.00_9 1.1_71_ 1.1176

0.03014 89.06 53.79 0.O0040 1.13821 1.1080

0.03017 86.56 _1.RI 3.000_! 1.12976 1.0924

0.02960 84,_0 _9,51 0.08043 1.12192 1.0609

0.02865 8Z.62 _8,02 0.00045 1.11475 1.0_18

0.02745 81.18 46.80 0.000_8 1,10825 1,01_6

0.02o13 80.18 46.02 0.00051 1.10241 0.9826

0.02294 79,23 4_.77 3._0061 1.0902_ 0.9156

0,02015 79.;8 4;,3k 0.00071 1.08079 0,8671

0.01792 79.59 44.k2 0.00080 1.07328 0,0445

0,01609 81,;_ 44.82 0,00090 1,06710 0,8214

0,01459 85.04 45.46 0.00102 1.06212 0.7948

0.01336 88,84 46,26 0,0011_ 1.C5785 0.7776

0,01237 92,80 47.17 0.001_6 1.05_19 0.7664

0.011_; 97.56 48,83 0,00138 1.0510Z 0.7642

0.00891 121,08 55,79 0.00190 1.0_160 0.?_64

0.00737 138.67 60.57 3.00_SE 1.03531 0.7350

0.00631 150._ 6_.26 0.003t_ 1.03077 0,7259

0.00554 157.85 _7,38 0,00376 1.0_730 0,7102

0.00494 162.59 70.21 0.00_39 1.02_57 0.7116

0.004;7 166.03 72.86 0.00505 1.0ZZ35 0.7061

0.00_08 169,07 75,_1 0.0057_ 1.02051 0.7017

0,00376 172.19 77,90 0.00643 1.01695 0.6981

0,00340 175.59 00.35 0.00716 1.01762 0.6954

0.00324 179.3_ 82.78 0.00792 1.01646 0,6929

OoOOZTB 189,96 88.79 0.00992 1.01415 0,6892

0.00243 201.73 94.75 0.01_09 1.012;_ 0,6071

0.00217 214,10 100,66 0.014;4 1,01107 0.6859

0,00195 226.53 106.52 0.01695 1,C0998 0.6851

0.00178 239,05 112.3_ 0.0106_ 1,00909 0.6845

0.00163 _51.57 118.06 0,0_249 1,00835 0,6041

O.OOtkO 276,69 120.35 0.0_867 1,00718 0,6838

0.00123 362,09 1_0.37 0.0354_ 1.00629 0.6835

0.00109 327,9_ 151,1_ 0.0_289 1.00560 0.6836

0,00099 4_0.96 161.65 0.06326 1,00505 0,5500

0.0008_ 511.13 181,99 3.08_6_ 1.00422 0,5k73

0.00071 583,34 _01.52 0.11076 1o00362 0.5_60

0.D0062 655.63 _20.3k 0.138_! 1.D0317 0.5453

0.00055 728,6? 230,55 3,16871 1.00282 0.5_43

0.00050 80?,64 756,23 3.Z0_05 1.0025_ 0,5420

0,00040 1110.37 298,60 0.308R6 1.00203 0,5172

0,00033 1865,5E 340,11 _._061 1.0016_ 0,k568

L
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C-2

0.00 _PA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

IENPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV

DERIVATIVE DERIVATIVE ENERGY

OEG, K CU M/KG CU M-MPA/KG NPA/K KJ/KG-K KJ/KG KJ/KG-K KJ

* 10.253 0.01234 1.6420 1.010 -303.9 -205.1 5.142 4.99

17 0,01241 1,6009 0,9901 -299,4 -200,1 5,442 5.13

18 0,01251 1.5400 0,99;9 -293,3 -193,2 5,838 5,30

19 0*01262 1,4780 0,9947 -206,0 -185.9 8,232 5._6

20 0,01273 1,4176 0,9904 -260,1 -178,3 6,624 5,59

21 0,01204 1.3626 0.9829 -273.0 -173.3 7.014 5.71

22 0,01296 1.3074 0.9726 -265.7 -161.9 7.402 5.BZ

23 0.01309 1.2612 0.9603 -250.0 -153.3 7.786 5.91

24 0,01323 1.2048 0.9;69 -250.1 -14_,3 8.168 6,00

25 0,01337 1.1_57 6.5317 -2;2,0 -135.0 6,5;7 6,07

26 0,01352 $,0957 0,9153 -233,6 *1Z5,_ 8,9Z4 6,14

27 0,01367 1,C434 0,8978 -224,9 -115,5 9,299 6,21

28 0,01304 0,9928 0,8791 -215,9 -105,2 9,672 6,27

29 0,01W01 0,9;23 0,8593 -206,7 -94,6 10,095 6,33

30 0,01420 0,8935 0,8385 -197,2 -03,7 [0,416 6,37

31 0,01439 0,8;53 0,8166 -187,5 -72,; 10,786 6.;1

32 0,01460 _,7993 0,7939 -[77,5 -60,7 11,156 6,45

33 0,01401 0,7555 0.7704 -167,2 *40,7 11,525 6,48

34 0o01504 0,7134 0,7;65 -156,7 -36,; 11,893 6,51

35 0,01529 0,673; 0,7222 -146,0 -23,7 12,261 6,54

36 0,0155_ 0,E_;5 0.6978 -135,0 -10,7 12,626 6.56

37 0,01582 0.:086 0,673; -123o8 Z,8 12,996 6,58

38 0,01611 0,56;; 0,6489 -112,3 16,5 13,363 6,60

39 0,01641 0°5326 0,62;; -100,6 30,7 13,730 6,81

;0 0,016r; 0,502; 0,5998 -88,8 45,1 14,097 6,62

;2 0,01745 0,_;74 0,5516 -64,5 75,1 14,820 6,63

44 0,01824 0,;026 0,5050 -3906 106,; 15,555 6,65

;6 0,01912 0,3647 0,4611 -14,7 138,3 16,263 6*71

48 0,02009 003360 @*4206 11,1 171,T 16,976 6,76

50 8,02114 0,3135 0,3835 36,9 206,8 17,670 6,80

52 0.02227 0,2983 0.$503 62.6 2_0.T 18.356 6.84

5_ 0.02346 0.288Z 0.3206 88.0 275,7 19.015 6.88

56 0,0247[ 0,2024 0,2943 113,2 310,9 19,655 6,92

58 0.02600 0,2806 0,2712 13T_5 340,5 20,764 6.95

60 0.02732 _,2819 0,2508 [61.2 3T9,6 20.x*; 6.98

65 0.03068 0.2941 0.2100 217,5 462.9 220_76 7.1[

70 0.03403 0,3128 0.180Z 2T0,6 542,8 23,360 7,30

75 0.03734 0.33_8 0,1560 321,T 620,3 24,438 7,55

80 0°04059 0.3590 0,1408 371,7 696,5 25,413 7,87

85 0,04300 0,38;0 0,1271 421,6 772,0 26,329 6,22

90 0,0;69; 0,;096 0,1160 ;7Z,8 847,5 270191 8,62

95 0,0500; 0,43_9 0,1068 523,1 923,5 28,013 9*02

100 0.05309 0.;605 0.0991 575.5 1000.2 21.800 9.44

120 0,06494 0,560_ 0,0771 600,5 1320,1 31,714 11,02

1;0 0,07623 0,65;7 0,0632 1042,7 16S2,6 34,275 11,97

160 0,08733 0,7;75 0,0539 1294,4 1993,0 36,5;8 12,33

180 0,09825 0,8380 0,0471 1546,9 2332,9 38,550 12,29

200 0,10904 0,9270 0,0;[9 1794,7 2667,1 40,3[0 12,03

220 0,11974 1,C148 0,0377 2035,6 2993,9 41,866 11,71

240 0,13037 1,1016 0,0343 2269,4 3312,3 43,253 11,;0

260 0,14095 1,1877 0,0315 2;96,9 3624,4 44,503 11,13

280 0.15148 1.2733 0.0292 2719.3 3931.1 45.639 10,93

300 0.16207 1.3605 0.0271 2938.9 4235.5 46.688 10,77

350 0,18818 1,5711 0,0231 3474,0 4979,; 48,980 10,55

;00 0,21418 1,7803 0,0202 4000.S 5714.0 50.944 10.45

450 O,Z;01Z 1,9885 0,0179 4523,4 6;6;0; 52,665 10,43

500 0.26602 _.1963 0.0161 50;5.7 7173,8 5;.201 10,;2

550 0,29188 2,;C36 Q,0146 5567,2 7902,2 55,590 10,42

600 8,31773 2,6107 _,013; 6089,3 863102 56,857 10,44

700 0036939 3,0243 0,0114 7136,0 10091,0 59,108 10,49

800 0,42101 3,4375 0,0100 8189,6 11557,7 61,065 10,58

900 0,47261 3,850; 0,0009 9253,8 13034,6 62,803 10,70

1000 0.52419 4.2632 0,0060 10331.6 14525,1 6;.377 10,86

1200 0,62735 5,0885 C.0067 12542,6 17561,; 67,131 11,25

1400 0,730;8 5,9135 _,0057 1k83507 20679,6 69.538 11,68

1600 0.83361 6.7385 0,0050 1721;.6 23383.; 71.655 12.10

1600 0o9367; 7,563; 0,0044 [9660,1 27174.1 73,554 12,50

2000 1,03993 8,3683 0.00;0 22237._ 30556.8 75,;02 12,9;

2500 1,29946 1_,4505 0,0032 29158._ 39553,9 81,757 14.88

3000 2.569Z7 12,5126 0,0027 37756,2 5n310,4 89,037 19,79

TWO-PHASE 80UND&RY

CP VELOCITY

OF SOUND

KG-K M/S

603 1465

673 1450

7,11 1437

7,48 1424

T,83 1409

8.16 1396

8,49 1382

8.79 1370

9,12 1354

_,_5 1337

9,78 1320

10.11 1303

10.;; 1266

10.79 1268

11.13 1249

11.48 1230

11.03 1210

12.17 1191

12.52 1171

12,87 1151

13,24 1131

13,59 1112

13.95 1092

14,30 1073

1;.64 1054

15.33 1017

[5,93 982

[6,51 947

16,95 918

17.28 893

17.45 872

17,49 856

17.;1 843

17,23 834

[6,98 828

16,28 821

L5,71 8Zl

L5,35 025

15*15 631

15.09 839

19.14 848

15.27 658

15.44 868

[6,39 913

16,92 962

[7.07 1017

16.88 1073

16,53 1128

16,13 1102

15,76 1234

15,_6 1284

15.22 1332

15,03 1378

14,76 1403

1;,64 1579

14,60 1668

14,50 1753

14.57 1833

14,58 1910

14,63 2054

14,71 2106

14,83 2310

14,99 2426

15,37 2637

15,01 2829

16.22 300G

[6,62 3172

17.08 3327

19.13 3666

2_.63 3944

l

L
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8.00 NPA ISOBAR

TENPERATJRE OENSIT¥ VIOH/DV_

DEG. K KG/CU M KJ/KG

• 16.Z53 81.0262 860.5

17 80,5578 876.B

18 29,9223 879.9

19 79.2669 886.9

ZO 78,5812 080.8

Z1 77.8729 881._

22 77.1386 880.4

23 76,3826 882.0

Z_ 75.6069 877._

25 7_.8090 87_.i

26 73.9821 865.9

27 73.1404 859.3

28 72.2675 852._

29 71.3703 844.2

30 70.kk$7 835.3

31 69._946 825.6

32 68.516_ 81S.8

33 67.5tlk 805.g

3k 66,_798 7B5.6

35 65.4218 785.3

36 64.3373 774.4

37 63,2256 264.1

38 62.088? 153.6

39 60.9269 743.1

kO Bg.?_Z9 232.7

42 97,31k0 712.5

_@ 54.8247 696.1

66 52,3052 683.1

k8 09.7065 674.Z

50 k1,3102 668,3

52 _k.9111 667.3

54 42.6222 669.9

56 k0.k657 676.0

58 38.k552 685.6

60 36.5979 698.5

65 32.5995 7_3.2

70 29.3897 801.5

75 Z6.TSk3 871.1

80 24.6339 951.3

85 22,8327 10_0.6

90 21.3028 1138.0

95 19,9830 1242.0

100 18.8344 1352.2

120 10.3987 183_.1

lk0 13.1174 2301.3

160 11,4504 2711.4

180 10,1779 3058.2

200 9.1706 3355.9

220 8,3512 3623.E

2kO 7,6703 3878.0

Z60 7.0948 _130.3

260 6,6015 4385.8

300 6.1701 4653.2

350 5.3141 5332.0

kOO k,6690 6038.0

_SO k.1646 &762.3

500 3.7592 7490.6

$50 3.4260 822F.1

600 3.1473 8924.3

100 2,707Z 10462.9

800 Z.3753 IZ000.5

900 2.1159 13588.2

1000 1.9077 15233.8

1200 1.5940 18699.5

lk00 1.3690 22391.6

1600 1.1996 26230,7

laO0 1.0675 30202.3

ZOO0 0.9616 34436.3

2500 0.7696 _8091ol

3000 0.6372 736k7.0

TWO-P4ASE BOUNOARY

THERMO_¥hAM|C PROPERTIES O r PARAHYOROGEN

V(DP/DU? V -V(DP/OV)I" -(DV/OT_/C THERHAL
' CONOUCTIVITY

MPA-CU _/KJ MPA I/OEG. K _/K-H
X 10 _ X 10 _

0.24956 133.0474 0.0075_ LO0.k4

0.23972 I28.9649 0.00_66 10,.76

0.Z3480 I23.081; @.00808 I09.49

0.23C04 117.1_87 0.00549 112._0

0.225q7 111.39_2 0.00_8_ 116.11

0.1ZIlG 106.1_25 0.09;25 II_.6_

0.21681 IOO.FhB_ O.gD_6_ 122.;9

0.21271 96.3300 0.009 _7 1_._

0.Z088fi 91.0_01 O,OlOh_ 126.Z&

0.2050_ 86.0107 9.01083 127._0

0.2013_ 81.0675 3.01129 I_8.07

0.19765 76.3177 0.01176 128.3_

0.19397 71.7474 O.OlZ_5 120.38

0.19035 67.2527 0.0127_ 128.11

0.18684 62.9424 0.01330 127.59

0.18323 58.7436 @.01190 126.09

0.17958 5_.7641 0.01450 17_.3_

0.17598 51.0066 0.01510 123.57

0.1723_ 47.4290 3.01574 12_.03

0.16880 44.056? 0.01639 120._0

0.1652h 40,8199 O.Ol?O@ 118,70

0.16176 37.8_75 O.Ol?7_ 116.93

0.1583S 35.0_56 0.0185_ 115.17

0.15505 32.44?5 0.01924 113.27

0.16174 30.01_1 0.0199_ 11J._0

O.14SIZ _5.6429 @.OZtB1 107.61

0.13840 22.0737 0.32288 103.88

0.13138 19.0254 0.@241_ 100.54

0.12502 16.7Z80 0.02914 97.60

0.11920 14.8314 0.02586 94.88

0.113_7 13.3977 0.02614 92.38

0.10928 12.2818 0.0_610 90.19

0.10512 11.k269 0.@2S76 88.30

0.10147 10.7920 0.02513 8?.TO

0.09812 10.3163 0.0Z451 85.51

0.09062 9.5875 0.02190 8_.01

0.08403 9.1934 0.01960 83.75

0.07810 8.9679 0.01762 83.41

0.07266 8.8430 3.01592 B4.88

0.06770 8.7688 0.01_50 88.22

0.06323 8.7248 0.01330 91.80

0.05924 8.6903 0.01229 95.56

0.05572 8.6726 0.01142 99.49

0.04545 8.6301 0.00893 122.37

0.04023 8.5880 0.00?35 139.58

0.03817 8.5589 0.00630 151.15

0.03766 8.5295 0.00552 158.45

0.03_95 8.5012 0.00_92 163.19

0.03859 8.4745 0.00445 166.56

0.03930 8._96 @.00407 169.59

0.03993 8.4265 0.00_7_ 172.71

0.0k044 6.4053 @.00347 176.12

0.04080 8.394k 0.0032_ 179.86

0.0412_ 8.3490 0.0027? 190.64

0.0_129 8.3119 0.00242 202.36

0.04116 8.2815 0.00216 214.78

0.04102 8.2561 0.00195 227.28

0.04086 8.7348 0.00177 239.07

0.04069 8.2166 0.00163 25_._7

@.Ok030 8.1573 O.OOl_ 277.23

0.03983 8.1649 0.00123 303.29

0.03927 8.1_71 0.00109 329.29

0.03862 8.1328 0.00098 4_0.56

0.03720 8.1111 0.00082 511.13

0.0357_ 8.C954 0.@0071 583.34

0.03_45 8.0836 0.00062 655.bC

0.03331 B.07_Z 0.00055 728.49

0.0321_ 8.0662 0.00050 806.90

0.02795 8.0422 0.0@040 1101.32

0.02115 7.9735 0.00033 1819.Lk

C-Z

ISCOSITY THERM4L DIELFCTRIC PRANOTL

OIFFUSIVITY CONSTANT NUMBER

KG/H_S _Q M/Hg

X 90

304.73 O.OO06_ 1.26573 1.9611

279.55 _.00070 1.26402 1.7963

251.89 0.000_ 1.26183 1.6363

229.Z_ 9.00069 1.25951 1.5190

210.37 0.0006_ 1.25709 1.4188

19_,42 J.O006_ t.25_Sg 1.3262

186.78 0.00_67 1.2520_ 1.2531

169.02 3.DOC67 1.?_939 1.1922

158.77 0.00066 1.2466_ 1.1470

1_.79 @.0006_ 1.24383 1,1107

IWI.79 0.0006_ 1.24095 1.0823

134.61 0.00063 1.23799 1.0599

128.13 0.00061 1.23494 1.0424

122.23 0.00060 1.23182 1.0292

116.83 3.00059 1.22860 1.0189

111.85 0.C0057 1.22530 1.0156

107.2_ @.00056 1.22191 1.0142

10_.94 0.00054 1.215_3 1.0140

98.93 0.00053 1.?I_87 1.0152

9_.16 0.00051 1.21122 1.0175

91.6Z 0.00090 1.20749 1.0217

88.27 @.00049 1.20362 1.0262

85.10 0.00048 1,19978 1.0315

82.10 0.00047 1.19581 1.0365

79.26 @.00046 1.19177 1.0418

74.03 @.OOOk_ 1.18352 1.0543

69.35 @.000_3 1.17510 1.0632

65.22 0.00042 1.16662 1.0714

61.61 @.O00k2 1.15818 1.0701

58.51 O.O00kZ 1.14993 1.0658

55.88 0.000_2 1.1k197 1.0552

53.70 0.00044 1.13_41 1.0410

$1.91 0.00045 1.92732 1,0237

50.k7 0.000k? 1.12074 1.0029

49.3_ 9.00050 1.11469 0.9797

47.52 3.0005? 1.10173 0.9207

46.69 0.00065 1.091_0 0.8759

46.48 0.00079 1.08307 0.8550

46.64 0.0008_ 1.07622 0.8322

47.08 0.00092 1.07051 0.8051

h7.70 0.00102 1.06560 0.786S

48.46 0.00113 1.06152 0.7742

k9.75 0.00123 1.05792 0.7723

56.4_ 0.00175 1.04718 0.7550

61,06 0.00??6 1.0_009 0.7403

64.65 0.00278 1.03493 @.7301

67.71 Q.00332 1,03101 0,7214

70.k9 0.00387 1.02791 0.71hl

73.12 0.004_5 1.C2539 0.7001

75.65 0.00505 1.02330 0,7032

78.13 3.0056? 1.02154 0*690_

80.58 Q,00631 1,02003 0.6064

83.01 0.00698 1.01872 0.6038

89.03 0.008?5 1.01610 0,6897

95.02 0,01066 1.01_14 0.6A74

100.99 0*01272 1.01260 0.6661

106.85 0.01493 1.01137 0.6852

112.68 Q.01730 1.01036 0.6846

110.06 @.01081 1,00951 0.6841

129.82 @.02525 1.00818 0.6836

1_0.91 0.03125 1.00717 0.6835

151.7_ 0,037?7 1,00639 0.6036

162.32 @.085_6 1.Q0576 0.5523

182.60 0.07510 1.00k61 0.5497

202._5 @.09705 1,00413 0.5_86

221,39 0,12127 1,00362 0.5479

239.71 @.1_77_ 1,00322 0.5470

297,50 @.17691 1.00290 0.5449

300,12 @._6926 1.00232 0.5214

341.77 0.4172_ 1.00192 0,k627

L
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10.00 _PA ISOBAR

THFPMOIYNAMIC PPOPERTIES OF PARAHYOPOGEN

TEMPERATURE VOLJME ISOTNERM ISOCHORE INTERNAL ENTHALDY ENTROPY CV CP ¥ELOCIT¥

DERIVATIVL DERIVATIVE ENfRGY OF $OUNO

OEG, K CU M/KG CU M-MPA/KG MPAIK KJ/KG-K KJ/KG KJIKG-K KJ I KG-K MIS

16.808 0.01221 1.7491 L.CZ4 -302.1 -179.9 5.1_1 5.07 6.50 1506

17 0.01223 1.7383 1.02_ -JOl. O -170.6 5.256 5.11 6.6R 1503

18 0.01232 1.6821 1.021 -195,1 -171.0 5.6_5 5.27 6.97 1_91

19 0.012W1 1.62_0 1.012 -208.9 -16N.? 6.029 5.42 7.27 1W76

20 0.01251 1.5_72 1.011 -282._ -157.3 6._11 5,57 7.61 1_6_

21 0.01262 1.508d 1.006 -275.7 -1_9,9 6.790 5.69 7.93 1_50

22 0.01272 1.45C3 0.098J -268.7 -1_1._ 7.166 5.80 8.25 1_36

23 O.QL2BW I._Qg_ C.98_W -261.W -133.1 ?.539 5.90 8.55 1WZ_

2_ 0.01296 1.3W81 C,976W -25J,9 -1Z4.W 7,909 5.99 6.8_ IWIO

25 0.01300 1.3u34 0.9632 °246.2 -115._ 8.276 6.07 9.12 1399

26 0.01321 1.2515 0.9w95 -238.2 -10o.1 8.6W0 6.1W 9.W1 1385

27 0.01335 1.2C0_ 0.9042 -230.0 -9_.5 9.000 6.21 9.71 1370

28 0.013W9 1.J_gR O.qlTg -221.6 -86.7 9.359 6.28 10.01 135_

29 0.0136W 1.10C3 0.9005 -212.9 -76.5 9.715 6.3W 10.31 1338

30 0.01379 1.0532 C.8_22 -20W.O -66.1 10.070 6.38 10.60 1322

31 0.01396 1.CGlq 0.8600 -19w.9 -55.] 10._22 6._3 10.89 130T

32 0.01_13 0._630 0.8_31 -185.5 -_.3 10.773 6.47 11.19 1290

33 0.01401 0.9196 0.8225 -176.0 -32.9 11.121 6.51 11._8 1ZT3

3_ 0.01_9 3.8772 0.8012 -166.3 -21.3 11._68 6.9_ 11.77 1256

35 0._1_69 0.8317 0.779_ -156.3 -g._ 11.814 6.5T 11.06 1239

36 0.01;90 C.7978 0.757_ -146.2 2.8 12,157 6.60 12.3; lZ21

37 0.01511 0.76C6 0.7352 -135.8 15.3 12._99 6.6_ 1Z.63 lZ0_

38 0.0153_ 0.725_ 0.7129 -125.3 28.0 12.8_0 6.64 12.90 1187

39 0.01557 O,(gCl 0.6906 -114.7 _1.! 13.1?9 6.66 13.19 11?0

_0 0.0158_ 3.6568 0.6686 -103.8 5_.4 13,516 6.66 13.k6 11_3

_2 0.01635 0.6014 0,62_9 -81.? 81.8 1_.185 6.68 13.96 1121

_w 0.01B93 0.5501 0.5821 -59,1 110.3 1_°8_7 6.70 lk._7 1090

_6 0.01757 0.5076 0.5408 -36.5 139.2 15._$9 6.76 1_.9_ 1059

_8 0.01825 0._709 0.5016 -13.0 169.5 16.133 6.81 15.35 1_31

50 0.01899 O._kC5 0._669 10.7 200.5 lb.767 6.85 15.69 1005

52 0.01977 0._15q 0._308 3h.5 232.2 17.3_8 6.89 15.96 982

5_ 0.02061 0.3968 0.3996 58.3 264.3 12.99k 6.93 16.15 962

56 0.021_8 0.3825 0.3711 B2.Z 297.0 18.589 6.97 16.27 9_5

58 0.02239 0.3723 0.3_52 105.7 329.6 19.161 7.00 16,31 931

60 0.0233_ 0.3655 0.3218 128.9 362.3 19.71k ?.ON 16.30 920

65 0.02580 0.3615 0.2729 185.3 W_3.3 21.01_ 7.17 16.09 901

_0 0.0_835 0.37C2 0.2352 239.6 523.0 22.193 7,36 1S.76 891

75 0.03090 0.3855 0.206_ 292.2 601.2 23.272 7.61 15.50 866

BO 0.033_5 0._039 0.1835 343.8 678.3 _.267 7.91 lS.38 866

85 0.03598 O._Z_T 0.1653 305.3 ?55.0 25.198 8.27 15.35 888

@d 0.038_8 g.kkEB 0.1505 _7.1 831.9 26.077 8.66 15._1 892

95 0.0k096 0._702 C.1382 _90,6 909.3 Z6.913 9.06 15.5k 698

100 0.0_3h2 0.0938 0.1278 553.Z 987._ 27.71_ 9.N8 15.71 9_

120 0.05297 0.5907 0.0987 782._ 1312.1 30.6_ 11.05 16.61 9_Z

lkO 0.06221 _.6861 0.0807 1028.0 1650.1 33.2T6 12.00 17.15 998

160 0.0?10_ 0.7761 C.0682 1282.0 1992.k 35.562 12.36 17.21 1039

180 0.07985 0.0673 0.0595 1536.2 233_.7 37.578 12.31 16.99 109k

ZOO 0.08854 0.9568 _.6528 1785._ 2670._ 39.3_6 12.05 16.6_ 11k0

220 0.09715 1.0_51 O.Q_T5 2027.3 2998.8 k0.912 11.73 16.21 1Z02

Z_O 0.10570 1.1324 0.0432 2262.0 3319.0 _2.305 11.kl 15.83 1153

_60 0.11_19 1.2190 0.0396 2_90.3 3632.2 _3.559 11.15 15.51 1302

280 0.12265 1.30_9 0.0366 2713.3 3939.9 k_.699 10.9k 15.27 1369

300 0.13119 1.3936 0.03k0 2930.8 _2_5.? _5.752 10.79 15.07 1395

350 0.15212 1.6{_6 G.0_90 3_70.0 _991.2 _8.050 10.56 1h.79 1_99

_00 0.17295 1.81R1 0.0252 3997.5 5727,0 50.016 10._6 1_,66 159_

_SO 0.19373 2.0226 0.022h _520.9 6_55.2 51.7_0 10._3 lk.61 1683

500 0.21k_6 2.230_ 0.0201 5043.7 7188.3 53.277 10._2 I_.59 1767

550 0,23517 Z,k378 0.0182 5565.5 7917.2 5_.661 I0._3 1_.58 18k6

600 0.25586 2.6_9 0.0167 6087.9 86W6.5 55.93h 10._h 1_.59 1922

700 0.29720 3.0586 0.01_3 7135.0 10106.9 58.187 10.69 16,53 Z065

000 0.33850 3._718 0.0125 8188.9 11573.9 60.1_k 10.58 1_.71 _197

900 0.37979 3.88_7 0.0111 9253.3 13051.2 61,882 10.F1 l_.Bk Z320

1000 0,_2106 h._97_ 0.0100 10331.2 1_5_1.9 63._56 10.86 1_.99 2_35

1200 0.50359 5.1227 0.0083 125_2.5 1?57_._ 66.211 11.25 15.37 26k6

lkO0 0.58610 5.9_77 0.0071 1_835.T 20696.7 68.618 11.6_ 15.81 2837

1600 0.66860 6.7726 0.0062 1721_.6 23900.6 70.73k 12.10 16.22 301_

1600 0.75111 7.5975 0.0056 19679.8 27190.9 72.63_ 12._9 16.62 3179

2000 0.83366 8.h223 0.0050 22235.5 3057_.0 ?k._81 1_.93 17.06 333k

2500 1.0_113 10._8R_ 0.00_0 Z0126.2 39537.5 80.822 1R.7_ 18.98 367k

3000 1.25599 12.5_6R 0.0033 37554.2 5011w. I 06,037 19.21 _3.9? 39_5

* TW3-P_ABE BOUNDARY

r
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10.00 HPA ISOBAR

TMEPMODYNAMIC PROPERTIES OF PA_AHYg_JGEN

TEMPERATURE DENSITY V(OH/DV_ _(DP/GU; V -V(DP/D_I7 -(3#/]T_/_ THF_MAL
CONOU£TI/ITY

OEG. K KG/CU M KJ/K6 _PAo3U _/KJ HPA I/DEG. K W/K-M
x 1C _ X I0'

16.808 01._729 919,9 0.24645 143._JG] 0.0371_ 106.03

17 81.7600 9_.C 0.2_510 14Z.1232 3.007Z0 107.12

i@ 81.1621 931.6 0.23060 136._1 O.O0?q_ 112.2_

19 _0.5568 939.g 0.2|167 13_.8_6] ).0077_ I15._

20 79.9218 9_2.b 0._2727 _5.25_2 0.00_07 11_.53

21 79.266_ 9_3.C 0.2230_ II_.S_46 J.O0_WI 123.45

2Z _8.5887 9_|.9 0.2189_ 113.97_3 0.00_?o 12_.57

_3 ?7.8936 94Z,q 0._1502 IG_,0_37 3.00905 1_9.04

_ _?.1767 941.9 0._11_I I0_.0_ 0.30_$ _ 130._

_S 76._Z8 9_2.9 0.20768 99._155 3.0096? 132.]_

_6 75,6g08 939.1 0.20_i_ 9_.7Z33 0.01303 /33.27

_7 7N.�Z39 934.7 0.20070 89.q250 3,01_3q 133._5

_8 7_.i_66 9_0._ C.19723 _5.2159 0.01077 13_.11

29 ?3.3292 _23.7 0.i_38_ _0.E838 3,01116 13_.10

30 72.5015 917.6 0.19059 76.3574 0.01155 133._5

31 71.61Z3 911.6 0.18727 7_.2Z13 0.01195 132._8

32 70.7876 904.6 _.I_397 65.1673 0.01_]7 131,78

33 69.90_9 897.2 0.1807_ 64.2_5_ 3.0137_ 130.55

3_ 68.9908 8P9._ 0,177W3 60.5Z67 0.013_9 1_9.Z6

35 68.076_ 801.1 0.17416 56.9585 0.01168 1Z7,89

36 6F.1359 87Z.9 0.17091 5].5628 3.0141_ 126._4

37 66.1?83 86_.5 0.16770 50.3323 0.01_61 12_.93

38 65.2037 85E.2 0.16_57 47.2967 0.01507 1_3.3_

39 64.2138 846.5 C.Io161 h_.3160 0.0155_ 121.79

kO 63.2056 838.2 _.15B71 _1.6392 0.01606 120.18

_Z 61.1W98 0_2.5 C.15292 36.7751 0.01699 116.88

_ 59.0930 8[7,9 0.1_703 3_._879 0.01792 113.60

_6 56.9271 _96.2 0.1_060 25.89_8 0.0187_ 110._1

_& 9_.79_ ?P9.S 0.13_51 26.8049 3.019_ 107.36

50 52.6712 783.0 0.1ZB8q 23.2021 O.OZOO4 10_.6k

5Z _0.5170 _79.2 0.IZ366 21.0339 0.020_ 102.27

5_ _8.5318 ?78.6 0.11881 19._55_ 0.0_075 100.11

56 46.5526 780.? 0.11_39 17.8062 0.0208_ 98.1S

58 _.6539 785._ 0.110_I 16.6Z30 0.02077 96._

60 _Z.8_56 7_3.3 0.10669 15.6610 _.02055 95.05

65 38.753Z 825.8 0.098_2 lw. OlO_ _.019_ 92.92

70 35.279_ 875.2 0.09063 13.061_ 0.01801 91.90

75 32.3663 938.1 0.08376 12.A7_9 0.01653 90.89

80 29.8978 1011.0 0.07/55 12.07_8 0.015Z0 91.69

85 _7.7951 109E.O 0.07193 11.80_6 0.01_01 9_.5_

90 Z5.9853 1189.0 0.06691 11.6098 0._1296 97.71

95 Z_._IZt 1290.5 0.06_6 11.4780 0.0120_ 101.10

100 Z3.0330 1398.1 0.0585? 11.3739 0.01124 103._2

t20 18.8T73 1876.1 0.0_731 11.1500 0.00885 125.38

140 16.075W 23_3.2 0.04183 11,0Z95 0.00732 1_t.76

160 1_.0768 271_.6 0.03922 10.9P45 0.00629 15Z.83

180 12.5_ X103.3 0.08857 10.8616 0.005_8 159.85

ZOO 11,Z�k_ 3k02.7 0.03877 10.8066 0.00_88 174.]9

ZZO 10.293k 3671.7 0.83934 10.7578 0.00_41 167.73

Z�O 9.4610 392T.2 0.03999 1_.71_1 0.00_03 170.71

Z60 8.75_0 _180.5 0.0_018 10.67_7 0.00371 173.87

ZSO 8.1531 _36.9 0.0_10_ 10.63gZ 0.003_4 177.23

300 ?.6ZZ6 _707.8 0.0_136 10.62?9 O.OO_ZO 180.97

_50 6.5738 5387.9 0.0_112 %0.5_86 0.00_?_ 191.11

_00 5.7819 6096.0 0.0_171 10._889 0.002_1 203.61

• 50 5.1619 _820.1 0.04153 10._4_3 0.08214 216.15

500 9.66_8 7549.0 0.0_1_6 IO.4GDO 0.00193 228.78

550 9.Z5Z3 8_8_.0 0.0_115 10.3662 0.00176 2_1.51

600 3.900_ 9023.6 0.04095 10.3875 0.00162 _Sk. Z5

?gO 3.3648 105_3.1 0.0_053 10.2915 0.00139 279.81

800 Z.99_Z 12061.3 C.O_OC] 10._563 0.00122 305.67

900 2,6330 13649.8 0.0394_ 10.7286 0.00109 331.98

1000 2.37W9 19_96.1 0.03877 10.2062 0.0009_ 9_0.56

lZO0 1.9857 187E3.6 0.0373Z 10.1723 0.00082 511.13

1_00 l.?ObZ 2_57.5 0.0358_ 10.1_79 3.30J73 583.33

1600 1._957 26297.3 0.03k53 10.1295 0.0036_ 655.56

1808 1.331_ 3026_.6 0.03339 t0.1160 0._0059 728.Zl

2000 1.1995 3_478.0 _.03Z_4 10.1029 0.00_9 805. F?

Z_O0 0.9609 9780_._ 0.028_ 10.0701 0.003_0 1087.47

3000 0.796_ 7184_.6 0.02179 9.9893 0.0003] 17_8.36

• TWO-P_SE BOUNOAR¥

( _

VISCOSITY THFPMAL DIELECTRIC FRANCTL

DIFFUSIVIIY CONSTANT NUMBER

KG/_-S 30 H/MP
X 10 T

316.9! 0.00071 1.26874 1.9661

309.94 0._0071 I._683_ 1.9216

p78.0_ 3.00071 I._662] 1.7262

252.]_ 3.000_1 1.26_01 1.5875

?30.97 3.000/1 1.26182 I.w701

212.99 ].OOC?l 1.75951 1.3687

197.6_ 0.00070 I._71_ 1.208_

IR_.56 3.00070 1.75_66 1.2223

173.15 3.0006_ I.ZSZI4 1.1691

163.18 0.0006_ 1.?_956 1.1?kO

19_.3_ 3.0006? 1.24692 1.090_

146.57 0.0006_ l. P4_Z_ 1.0633

139.55 0.00066 1.2_1_t 1.0_17

133.20 3.00064 1.23865 1.0241

I77,_ 3.0006_ 1.73576 1.0093

1Z?.13 0._0061 1.28283 1.0011

117.2? 0.00060 1.2Z97_ 0.9956

112.77 0.000_ 1.?_671 0.9915

108.59 3.00057 1.2235_ 0.9088

104.70 0.00066 1.22038 0.9871

101.05 0.00055 1.21713 0.986_

97.62 0.0005_ 1.21383 0.9867

94.40 0.00053 1.71047 0.9874

91,36 0.00057 1.20706 0.9895

88.48 0.00051 I.?0360 0.9908

RX.17 0.00049 1.19657 0.9945

78._2 0.000W_ 1.18942 0.9991

7_.16 0.000_7 1.18_21 1.003_

70.37 _.00066 1.17_9_ 1.005&

67.07 0.000_6 t.16705 1.00_8

6&.09 0.000_6 1.16082 1.0001

61.53 0.000_6 1.15399 0.9930

59.3A 0.000_7 1.1_7kI 0.9836

57.47 0.000_8 1.141_2 0.9723

55.91 0.000_9 1.13515 0.9588

53.06 0.00054 1.1217_ 0.9186

51._I 3.00059 1.110_0 0.8818

_0o57 0.0006_ 1.10095 0.8627

50.?8 0.000?2 1.09303 0.8_31

_O.3k 0.00080 1.086_9 0.8177

50.65 0,00088 1.08052 0.7991

51.t$ 0.00096 1.07552 0.7861

51.83 0.0010] 1.C1115 0.?85?

_?.97 0.0014_ 1,05805 0.?680

62.2_ 0.001m5 1.0_979 O.?SZ?

65.56 3,00Z2_ 1,04306 0,7382

68._6 0.00270 1.0382_ 0.7278

71.1_ 3.00315 1.03_5 0.7191

73.69 0,0036? 1.0313_ 0,7120

76.18 0.00410 1.07880 0.?063

?8.63 Q.00_61 1.02664 0.7019

81.07 0.00513 1.02W7q 0.698W

83.W9 0.00567 1.0_316 0.6954

89.53 0.00710 1.01995 0*6906

95,56 0.00865 1.01753 0.6880

101.55 _.0103Z 1.0156_ 0.6864

107.50 3.01711 1.01_17 0.6864

113,_0 0.01W07 1,01_87 0.68_7

119.29 0.0160_ 1.0118_ 0.68_2

130.75 0.070_ 1.01017 0.6836

141.98 _.07_32 1.00893 0.6834

157,95 0.03059 1.00796 0,6836

163.66 0.04A5_ 1,00717 0.5569

184.40 0.06028 1.00600 0.5546

_0_.31 3.0?787 1.00915 0._536

_73.4g 0,097_6 1.00461 0,5_81

24?.05 0.11847 1.00402 0.5524

?60.06 0,1417_ 1.00367 0.5506

303.19 3,21_69 1.00790 0.5293

3_6.18 _.3_97S 1.00Z40 0._783

t
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12.0_ HP_ !_O_A_

IEMPER_TURE VOLUqE I_OTHF6_ 15UC!'()q6 INTE_hJ_L

OEPIv_T|_ [IEPIV_TIv_ F_;FP(,Y

OEG. K CU M/KG CU _-_/_G _P_/K KJ/FG-_

w I/.3_ 0.01210 I._5_i I._4 -_C.1

I_ 0,01215 I,e16_ l. S3? -2_E,3

1_ D.0122_ 1.?_2 _ i._5 -_q_._

20 0.01233 1,70_I £.C_l -?_._

21 0.012_2 _.E_C I.C77 -2??.7

22 J.uiZ52 i._73 1.021 -_71,_

23 0.01267 I._ I.L13 -2_.t

2_ O.OIZTZ I._P_2 1.00,! -2_,.9

27 0.01307 1._4_,_ C._(>_7 -Z_.O

29 0._1333 I,ZS_C 0._353 -21_.7

31 0,_1360 I.IE_C C._C_ -200,G

32 0,01375 1.113_ O._b -lgi.8

3_ 0._1_34 1,07 _ C._ -173,5

35 0.01423 L._SP_ C,_?i_ -IF_,.?

36 0.01_0 G.g_g _¸ C._U_._ -I_.6

39 0.01_96 0._31 C.?_ -125.0

_Z 0,01559 0.7_70 G.68_I -_4.Z

_ 0.01606 o.tg1_ 0.6_I -73.1

_6 0.3165_ _.6_$7 C.6052 -5_.1

4_ 0,01708 0.60_ C.5677 -30.1

5_ 0.01765 O._h_L 0.5319 -7.9

52 0.01825 0.53_ 0._2 I_.5

5_ 0,01888 _._129 C._6T 37.0

56 0,01955 0,_91_ 0._37_ 59.8

$8 0.CZ024 G._7'3 U._%01 _?.3

60 O,OZOg6 Q._h?3 0.3_1 1_q,?

65 0,02285 _,_35 0,3313 159,_

75 0.02689 O._S_ C.ES_? 267.3

8Q O.oz_g5 J._5c3 0.225_ 31_.8

85 O.O_lOi 0,_755 &,2037 372,2

90 0.0330? 0._ 0,1853 _25.0

95 0.03511 0,5147 0.1700 _78.5

1_J 0,_371_ _._3_I _,I_71 533.0

IZ0 0.0W511 O._ZtJ G.I?O_ 765.5

1_ 0,0_2_5 0.71_7 O.Og_ 1013.8

160 O._O_C 0._I_5 0.0832 1270.3

180 0.06161 3,_9_0 0.072_ 1526.1

ZOO O.GT_go _.g_7_ C.06_ 17_.5

220 0.0_211 1.07_b 0.0_?_ 2019.5

240 0._g_6 1,1_ 0.0521 22_5.0

260 0.0963? _,2510 0.0677 2_8_.0

280 0.I03_ 1.3372 0,0_I 2707,7

300 0.11061 I._27_ O,O_G_ 292_,9

350 0.12509 1.63_8 0.034_ ]_6.3

_00 0,145_? 1.648_ 0.0303 399_.5

_50 0.16280 2.05_g 0,02_g _51_.6

500 0.I_&09 2,26_ 0.02_1 50_I,8

550 0.19736 Z._7_2 0.021_ 556_,0

600 0.21W61 2.6793 0.0201 6086.7

700 0.2_906 3,cg29 0.0172 7134.1

800 0,283_g 3._0_ 0,0150 _I68.3

900 0,31790 3,9168 0,0133 9252.q

1000 0.35230 4.3315 0.0120 10331.O

1Z00 0,47107 5.156_ 0.0100 12542.5

1_00 0.48983 5.9815 0.0086 1_835.8

1600 0.55859 6._0E3 0.0075 1721k.6

1800 0.6273_ 7.6311 0.0867 19679.7

2000 0.69613 8._959 G.O060 22234.Z

7500 0.8689; 10.517_ O.OOk8 2910_.7

3000 1.0_737 17.5798 0.0040 3740R._

• TWO-P_&SE 80UNOA_Y

PPOPF_TIES O c P_AHYOROGFN

b

ENTHALPY ENTROPY CV CP #ELOCITY

OF SOUND

KJ/K_ KJ/KG-K KJ / KJmK MIS

-15_.g 5.220 5.15 6.63 15W_

-150.5 5.W69 5,25 6.83 1_3F

-I_.6 5.847 5._1 7.13 1525

-136.] 6.220 5.5_ 7._3 151k

-17_._ 6.588 5.67 ?.74 1501

-LZJ._ 6.955 5.79 8.0_ 1_89

-112,? 7.319 5.89 8.33 1_77

-10_.2 7.679 5.98 8.61 1_63

°q_.s 8.0]6 6.07 8.88 1451

-8_._ 8.390 6.1_ 9.15 1_39

-77.? 8.7_0 6.21 9.41 14Z?

-67.G 9.087 6.28 q.68 lk14

-57._ 9._31 6.34 9.95 1_00

-47.? 9.773 6._0 10.72 1386

-37._ 10,112 6.65 10._8 1371

-2_.9 10._49 6._g 10.7_ 1357

-15._ 10.7_ 6.5_ 11.00 13h3

-_.5 11.I16 6.5? 11.25 1327

6.6 11.4_6 6.60 11.50 1313

l_.Z 11,773 6.63 11.75 1297

]_.1 1_.098 6.66 11.99 128_

_2.2 12._1 6.68 12.22 1267

5_.6 12.7_2 6.70 1Z._5 1252

67.1 13.060 6.T1 12.88 1Z37

92.9 13.689 6.73 13.13 lEO?

119.6 14.309 6.76 13.56 1178

1_6.6 14.90g 6.82 13.96 llSO

17_.9 15.511 6.66 14.33 112_

?0_._ 16.103 6.90 1_.65 1099

233.5 16.683 6.94 1_.93 10?6

263.6 17,751 6.98 15.16 1055

29_.] 17.81! 7.07 15.35 1036

375.Z 18.352 7.06 15._6 1021

356.2 18.877 7.10 15.55 2007

434.2 20.177 7.23 15.63 979

512.3 Z1.Z84 7.4Z 15.59 961

58_.g 72.355 7.67 15.49 gk9

667.? 23.353 7.97 15._2 993

74_.3 Z_.788 6.32 15._5 9_0

821.8 25.1_3 8.?0 15.5_ 939

_9g.8 26.017 9.10 15,69 9_1

978.7 26.876 9.51 15.88 9_5

1306._ 29.815 11,09 16,78 973

1648.0 32._3 12.04 17.30 1017

1995.3 3_.760 12.40 17.36 1067

2337._ 36.778 12.34 17.13 1116

2675.3 38,558 12.08 16.70 1t69

300_.8 _0.128 11.75 16.27 1221

3326.1 _1.527 11._3 15.89 12_2

36h0.4 _2.785 11.17 15.57 13Zl

3q;9.0 43.928 10.96 15.31 1367

_25_.Z _k.985 10.80 15.11 1_13

5001.3 47.286 10.57 1_.81 1516

5740.2 _9.257 10.47 1_.68 1610

6_7Z.2 50.983 10._4 14.62 1697

??o?.g 52.521 10._3 1_.60 1780

?932.3 53.911 10._3 1_.59 1859

8661.g 55.180 10._ 1_.59 1935

10122.g 57.433 lO.kg 1_.63 Z07?

115g0.2 59,3_1 10.58 1_.72 2208

13067.7 61.i30 10.71 14.84 2330

1455_.6 62.703 10.8T I_.99 Z_k5

17595._ 65._58 11.25 15.3? Z655

20713._ 67.866 11.65 15.81 Z865

23917._ 69.98? 12.10 16.22 3021

27707.8 71.681 12.49 16.6Z 3186

30567.T 73.728 12.92 17.05 33_1

39530.3 80.059 14.6_ 18.87 3682

_9973.q 87.227 18.7_ 23.k8 3965

r
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12.00 NPA ISOBAR

TEMPERATURE OENSITY V(3H/OV}],

DEG. K KG/CU H KJIK6

" 17.346 82.6/56 971.I

18 82.3055 98_,2

19 81.?26_ 993.1

20 81.1312 959,7

21 80.5315 1001o9

22 /9.9020 I0_W.2

23 79._53_ 100_.6

2_ 78.5874 lOC2,g

25 ??.3018 1004.C

26 77,20_4 1003,1

27 76._9?6 10C3,4

28 75,772_ 10&1.0

29 75.0]16 9_7.5

30 7_.2761 992.6

31 73.50_1 987.7

32 ?E.7171 983.8

33 71.9154 978._

34 71.1002 972.5

35 70,Z/03 926.?

36 69,W279 960.Z

37 68.5720 954.7

38 67,7045 9_8,1

39 66.826l g_1.1

40 65.93_6 934.G

42 65,1275 919,0

4k 62.2808 9C?.O

46 60.4123 900,1

48 58.5352 893.0

50 56.6572 887,8

52 54.7950 88_.0

5_ 52.9589 88?.3

56 51.1592 882.6

58 _9,40_0 885.5

60 _7.?096 890.?

65 _3.7550 9t5.6

70 40.2475 956,G

75 37,1910 1012,6

80 34,5k29 I082.7

85 32.2500 1163,1

90 30.2433 1253.2

95 28,4826 1351.2

100 26.9263 1W55.9

120 22,1672 1927.9

I_0 18.921_ 239_,3

16_ 16.55o7 2808.8

180 1_,7907 3147.2

ZOO 13,3517 3_52.3

220 12.1790 3722,1

240 11,2029 3978.2

260 10.3766 4232.1

280 9.6672 _489,2

300 9.0_0? 4763.9

350 7.8071 5464.g

WOO 6.8741 6152.6

450 6.1_24 5878._

500 5.5S27 7607,9

558 5.0669 83k3.3

600 W.6597 9083.2

700 4.0150 I0583.3

800 3.5275 12122.1

900 3.1456 13711.2

1000 2.8385 15358,3

1ZOO 2.37_9 18827.4

lk00 2,0_15 Z2523.1

1600 1.7902 26363.8

1800 1.59_0 30328.2

2000 1._365 34526.8

2500 1,1508 _7608.5

3000 0.95_8 70529.5

• TWO-PHASE BOUNDARY

THERMOOYMAMIC PROPERTIES OF PARAHYDROGEN C 2

V(OP/OU_, -V(OP/DV_ -(DV/DT_/V THFRHAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY OIrFUSIVITY CONSTANT NUMBER

MPA-CU _IKJ MPA llOEG. K WIK-M KGIM-S SO M/MR
X 10 _ x 103 x 107

0.2_393 153.1232 3.30678 111,_8 329.05 ].O00T] 1.2T15g 1.9572

0,7399_ 149.5335 3,0059_ 11_,T8 306,11 0.00074 1.2FOZT 1.8211

0.23_28 I_4.0750 0,0071_ 11_._3 276.63 _.0007_ 1.26822 1.6609

0.22926 13_.65_3 0.007W4 122.68 252.39 J.OO07] 1.26611 1.5293

0.22_8_ 132.9611 0.00172 126.9_ 23_,]_ 3.00_71 1.2639_ 1.k161

0.2209P 1_7.6311 0.00_03 130.$7 _15.25 }.0007] 1.26175 1.3_67

0,21711 12_.2533 0.3082_ 133,10 200.58 0.03071 1.259_6 1.2547

0.21339 116.7973 0.0085_ 135.25 187.90 J._O07_ 1.25711 1,1956

0,20984 11_.118fl 0.00884 136,gC 176.88 3.00_71 1.25471 1.1472

0.20637 107.3_43 0.00g1_ 138.06 167.16 0.0007_ 1.25_5 1.1075

0.20295 102,g186 0,00937 138.85 158.97 ].30064 I.?497_ I.O?W_

0.19973 98.3287 0.00967 139,32 150.91 J.OOCbq 1.74720 1.04_l

0.1965_ 93.7685 _.0099_ 139._2 1k4.03 O.OD06_ 1.2_W61 1.0269

0.19348 89.30_k 0.01929 139._8 137.80 3.00069 1.24196 1.0093

0.1_035 8_.9711 0.01061 138.71 132.13 J.00065 1.73_ 0._g_?

0.18725 80.9802 0.0109_ 137.78 126.g_ 3.0006_ 1.23651 0.98_

0.18_Z_ 77.0050 0,0112_ 136.73 I_2.16 0.0006 _ 1.21171 0.9825

0.1812_ 73.1453 0,01157 I]5,62 117.75 3.00_6L 1,230_ 0.477_

0.17822 69._894 0.01190 134,_ 113.66 0.0006_ 1.2279_ 0.97_7

0.17523 65.9186 0.012_4 133,15 109.84 ]._0059 1.2250T 0.9696

0.17226 62.6369 0.01256 |31.82 106.28 0.00051 1.22210 0.9665

0.16936 59.41_4 0.01289 13_.;4 I07.93 0.00057 1.21910 0.9645

0.16662 56.3_I 0°011_] 1_9.03 99,79 0.00056 1.2160o O.g6_g

0.16391 53.4161 0.01757 177.60 96.83 0._0055 1.21_99 O.g61g

0.15852 ;7.9026 0.01428 124.83 91.39 3.00053 1.20677 0.g627

0.15309 43.0902 0°01_95 121.65 86.50 0.0005? I,ZO0_ 0.9640

0.14699 39.0098 0.01551 118.72 82.11 O.CO05I 1.19_05 0.9658

0.14137 35.3675 _.01505 115.g0 78.17 0.00050 1.18766 0.9668

0.13601 32.2400 0.01650 113.21 74.64 0.00049 1.181Z9 0.9658

0.1309_ 29._076 0.0168_ 110.69 71.49 _.0004_ 1.17500 0.9641

0.12618 27.1606 0.0171_ 108,_3 68.71 0.000_9 1,16881 0.9606

0.1217_ 25.1500 0.01739 I06._9 66,Z_ 0.000k9 1.16277 0.9546

0.1176_ 23._8_6 0.01T_6 104.72 64.09 0.00049 1.15691 0.9464

0.11377 22.0559 0.0174_ 103.29 62.21 0.00050 1.15126 0.9369

0.10_73 19._053 0.01707 100.88 58.59 0.00053 1.13815 D.9078

0,09651 17.6700 0.01631 99._2 56.20 _.000_ 1.12661 0.8813

0.08898 16.5807 0.01530 98.00 5h.7_ 0°00061 1.1_662 0.8652

0.08212 15.8651 0.01_25 9_,23 53.93 0.00066 1.10801 0.8469

0.07593 15.3363 0.0i328 100.70 53.61 0.0007] 1.10060 0.8222

O.OTOk3 1_.9467 0.012k0 103.49 53,61 0.00079 1.09W1_ 0.80_8

0.06558 1_.6_k6 0.01161 106.56 53.85 0.00086 1.08849 0.7928

0.06135 1k.k08k 0.81091 I08,_7 54.15 0.00091 1.0835_ 0.79_1

0.0_913 13.8769 0.00870 128.8_ 5q,77 0._0125 1.068_1 0.7703

0,04319 13.6180 0.0072_ 144.34 63.60 0.00159 1.05819 0.7621

0.0_053 13.4531 0.0061_ 15_,82 66,65 0.00194 1.05079 0.7475

0.03960 13.2823 0.005_4 161._8 69.3_ 3.00229 1.0_528 0.7354

0,03957 13.1900 0,00_8_ 165.82 71.88 0°00268 1.0_081 0.7239

O,O_OOT i3,1110 0.0043? 169.03 7_.35 _.00307 1.03718 0.7158

0.04067 13.0_22 0.00399 171.9_ 75.77 0.00348 1.03_17 0.7093

0.0_121 12.981_ 0.00368 175,00 79.19 _.0039; 1.03162 0.7_43

0.04163 1_,9272 0.00341 170.39 81.60 0.0043_ 1.02943 0.?00_

0.0_191 12.9053 8.00317 182.13 8_.01 0.00_80 1.02751 0.6969

0.0_219 12.7940 0.00_72 192.90 90.05 0.00600 1.023T2 0.6915

G.04212 12,T058 0.00239 20_.88 96.11 0.00731 1.02087 0.6885

0.0_189 12.63_3 0.0021_ 217,92 102.15 3.008?2 1,01863 0.6868

0.04167 12,5755 0.00192 Z30,_T 108,16 0.0102_ 1.01683 0.6856

0.0414_ 12.5264 0.00175 243.1_ 11_.12 0.0118_ 1.01535 0.6848

0.0_122 12.4847 0.D0161 256.01 120.03 0.01355 1.01411 0,68_2

0.04075 12,k180 0.00138 281.87 1_1.67 0,01727 1.01215 0.6836

0.04022 12.3672 OoOOtZ1 308.03 143,04 0.02136 1.01067 0,6834

0.03961 i2.32T2 0.0010_ 33_.66 15_.15 0.02581 1.00951 0.6835

0.03892 12.2950 8.00098 440.56 165.0i 0.0372_ 1.00858 0.5616

0.03?44 12.2463 0.00082 511.13 186.02 0°05040 1.0071T 0.5595

0,03593 12,2113 0.000?0 583.33 _06.18 0,06507 1,00616 0.5587

0.03_6Z 12.1849 0.00062 655,52 226.61 0,08125 1.00540 0.5584

0.03347 12.1642 0,00055 ?28.00 _4_,_1 0,09894 1,00_81 0.55?9

0.03232 12.1471 _o00049 80_.93 262.64 0.11831 1.00_33 0.5563

0.02848 12.10_2 0.003_0 1077.Z_ 306.32 0.1785_ 1.0034T 0.536?

0,02231 12.0108 0.0003] 169S._9 348.70 0.2?223 1.0028_ 0.4830

!
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14.00 MoA I_O_AP

TME_HO]YNAMIC PROPERTIFS OF PARAHYDROGEN

IEM_ERAIURE vOLU_E I_OTM[RM ISOCHORE INTTR_AL ENTHALPY ENTROPT CV CP VELOCIT_

D£_Iv_T]V_ DEPI_TIVE ENFRGY OF SOUNO

D_O, K C_ H/K_ _J M-MP_IKO MP_IK KJ/KG-K KJIKG KJIKG-K KJ I KG-K HIS

* 1_._u_ 0.011_ [.q517 1.052 -29_.0 -1_0,2 9.258 5.21 6.67 1500

18 0,0t199 1.9_9 1.052 -297._ -i_g,3 5.307 5.2W 6.71 1579

i_ 0,01_37 £._9T_ 1.051 °291,5 °122,5 5,678 _.39 7,00 1569

20 0*012_6 I.B4C_ 1,0_9 °285,5 -115.3 6.0_ 5.53 ?,29 1S59

_1 0.GIZL. 1,7_ 1,045 -Z?q.3 -107,9 6,W07 5.65 7,57 15W8

22 0.01233 1.7_7_ 1.039 -272,8 -103.Z 6.766 5,7T 7.85 1537

23 0.012_2 1.6_0_ 1.036 -2E6.1 -92.2 7.119 5.87 8.1k 1526

Z_ 0.01252 1,_2G7 1.027 -29_._ -8],9 7.471 5.97 _.;1 1515

25 O.OtZ6Z 1,_7_; 1.017 -2_.1 -75,_ 7,820 6.06 8.67 1503

2b 0.0127_ I._?_ 1.006 -2_,_ -66.6 8.165 6.1W 8.93 lk09

Z? 0.0[283 1.w799 0.9933 -Z8/.Z °5r,6 8.506 6,21 9,18 1W_9

_8 0,01_95 1._333 0.97_6 -Z_9.5 -_8,3 8,8_5 6._@ 9.63 1_66

_9 0.01J0_ 1.3879 0.965_ -P_1.6 -3_.7 9.1_0 6.35 9.67 1h_h

30 0,01318 L.3_33 0.950_ -21_.5 -_8,9 9.512 6._0 9.91 ih_

31 0.613_I 1.29_, 0.9355 -205._ -1_.9 9,8W1 6._6 10,16 1630

32 O.OI8WW 1.15h8 O.q[�W -196,B -5.6 10,167 6,51 10o60 1_16

3_ 0.0[357 1.213W 0.9025 -188.1 1.9 10,W91 6,99 10.63 1_03

3_ 0.01371 1.1721 0.8851 -17_.3 12.7 10,81_ 6.59 10.66 1390

35 0,0138o 1.13_0 0.8672 -170._ _3o6 11.130 6.63 11.09 13_7

36 0.01401 L,0925 0.84_0 -161,3 34,9 11,4W6 6.66 11.3_ 1363

3? 0.01W16 1.05_8 0.8303 -152.0 46°1 11.759 6.69 11.53 1350

38 O.O$WSZ 1.OZIZ 0.811w -IW2.6 57.9 12.069 6.71 11.?W 1336

39 0.01_ 0.9_ 0.7_23 -133.1 69.8 12.377 6.73 11.9_ 1323

40 0.01W66 3._9 0.7731 -1_3.5 81,3 1_,68_ 6.76 12oiw 1310

_2 0.01502 J.89C9 0,73_7 -103.9 1_6._ 13,283 6,77 12.51 1203

_ 0.015_1 0.8333 0.6969 -83.8 131,8 13,87h 6.80 12.89 1257

46 0.01582 0,779_ 0.6598 -63.9 157,5 1k._3 6.86 13.29 1229

h8 0,01625 0.7351 0.6_38 -_3,1 18_.4 15.016 6,91 13.62 1206

50 0.01671 0.6957 0.589L -ZZ.O 212.0 15.579 6,96 13.92 1180

52 0.017_0 0,6606 0.5560 -0.7 _0.1 16.130 7.00 1_,20 1138

5w 0.01771 0.6313 0.52_6 20,8 _68,7 16.671 7.0_ lk,_2 1137

56 0.018_ 0.6055 0._951 _Z.7 Z98.1 17.20q 7,0_ 1_.62 1118

58 0,01880 _.583_ 0._6_ 6_.3 3_7.5 17,720 7,11 1_.79 1101

60 0.01937 0,5657 0,_16 85.9 357, Z 18,2_3 7.15 lk,91 1|06

65 0.02089 0.$3_4 0.]847 139.9 _32._ 19.k27 7.29 15.1k tO_h

7_ O.G_ZSQ 0._198 0.337_ 193.3 508,_ 20.55_ 7._7 15,26 L030

75 0.02418 0.51[4 0.299_ Zk6.q 58_.9 21,609 7.72 15,32 1012

80 0.025_9 O._ZZt 0.2676 299.2 661.6 Z2.600 0.02 15.37 1000

85 0,02761 0.5335 0.Z_15 352.2 738,7 23,536 8.37 15,_5 992

90 0.0293J 0._79 0.2199 _05.6 816.2 2_._21 8.75 15.58 900

95 0.03106 0.$6_8 0.Z018 659.7 89_,5 25,267 9.15 15.75 9_6

100 0.03_78 _°5833 0.1865 51;.9 973.8 26,031 9.55 15,96 907

120 0.039_8 G.66_ 0.1_31 750,0 130_.1 29.089 11.12 16.90 1086

1_0 0.0_5_3 0.75E7 0.1163 1000.5 16_7.7 31.736 12,07 17._2 10_5

160 O.OSZTZ 0o8_76 0.0980 1258.9 1997,_ 36,068 12._3 17.67 1092

180 0.05909 G.9381 0.08_9 1516.5 23_3.8 36.112 12.37 1r,20 11_2

200 0.06537 1.C27_ 0.07_9 176_.3 2683,_ 37°900 12.10 16.77 1193

_20 0.;7138 Z.lOe9 0.o672 2012.0 3011,3 39._63 11.77 16.3_ 1Z91

2_0 0,07753 1.1967 0.0610 22_8.3 3333,3 _0.866 11.65 15,9_ 1291

260 0.0836_ 1,_827 0.0559 2_70.0 36_9o1 k2°128 11,18 15.61 1339

Z80 0.08973 L.3701 0.0516 2702.3 3953.5 63,275 10,97 15,35 1385

300 0.09592 1._620 0.0_79 292_.2 _267,1 4_.316 10,82 15,1_ 1631

350 0.11093 _.El73_ 0.0_07 3_6_.7 5015,7 ;6.6k3 10.58 lk,Sq 1532

_00 0.1258_ 1,8830 0._35h 3991.7 5753,6 _6.615 10._8 1_,70 1625

_50 0,1_071 2,0919 0.031_ _516.k 6_86._ 50,3_ 10._5 1_.6_ 1712

500 0.1555_ _,2993 0.0282 50kO.O 7217.6 51,002 10*_3 1_.61 179h

550 0.17035 2,5067 0.0256 5562,5 79k7o_ 93.273 10._ 1_.60 1872

600 0.1851_ Z,7137 0.023_ 6085.5 8677._ 5k,5_2 10._5 lk.60 19_7

700 0.21k68 3.1271 0.0200 7133._ 10138.9 56.796 10.50 lk.6_ 2100

800 0.2_419 3.5_G1 0.0175 8187.9 11506.5 58.75_ 10.59 1W.72 Z219

9GO 0.27369 3.9_28 0.0156 925_.6 13_.3 60,_93 10,71 l_.8_ Z3_0

1000 0,30317 _.365_ 0.01_0 10330.9 16575.3 62,067 10,87 15,00 Z_$k

1200 0.36213 5.1903 0.0117 125_Z.5 1761_,3 6_.8Z2 11.25 15.37 2663

1_00 0._106 _.0150 0.0100 1_836.0 Z0730,9 67.230 11.68 15.81 _833

1600 0._7999 6.83_7 0.0087 17_15.0 2393_.9 69.346 12.10 16,22 3028

1800 0.53893 7.66_ 0.0078 19679.8 2722_.8 71.2_5 12.k9 16.62 3193

2000 0.59788 8._891 0.0070 22233._ ]0603.8 73,091 12.91 17.0_ 33k7

2500 0,7_595 10._8[9 0.0056 29084.7 39927,9 79°k15 16.57 18,79 36B9

3000 0.898_9 12.(127 0.00_7 37289.7 49868,5 86.5_6 18,_k 23,11 39?3

TWO-PHASL _CUNOARY
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14.00 MP& ISOBAR

THERMODYNAMIC PROPERTIE5 0 F PARAHYOROGEN

TEMPERATURE DENSITY VIOMIO_ V(DP/OU) V -V(DP/DV) T -(DV/DT_/V THERMAL VISCOSITY TNFRMAL O[ELECTRIC PRANDTLCONDUCT?CITY OIFFUSIVITY CONSTANT hUMBER

OEG. K KGICU M KJIKG MPA-CU MIKJ MPA IIDEG. K WIK-M KGI_-S _Q MIH_
X t02 X IQ 3 X 10 T

• 17.869 83,4399 1032.3 0.2W187 162.8525 0.006W6 116.52 3h1.17 3.]007_ 1.27W31 1,q531

18 83.3659 1073.9 0.2q110 162.1439 0.006_q 117.20 336.21 0.000?_ 1.27405 1.9250

19 82,8207 1044.6 0.23561 156.?682 0,00671 121,5_ 302.68 3,JOC?_ 1.2721_ 1.74k5

20 82.2581 1052.9 0.23071 151.42W6 0.00693 125.67 2?5.26 0.00025 1.27010 1.5972

21 81.6813 1059,2 O,ZZb?6 1_6.1222 0.00715 130,19 _52.51 3,00076 1.26806 1.h6_?

ZZ 01,0903 1063.9 0.22214 1wO.B71k 0,0073_ 133.09 233.37 3.00076 1.26596 1,367_

23 80._940 1063.1 0.21902 135.2625 0.00766 136.91 217.21 3.00075 1.26385 1.2913

24 19.8708 1065.2 0.2154W 130.1661 0.00789 139.29 203.13 3.00075 1.2616_ 1.2261

2S 29.293W 1065,? 0.21197 125.06hh 0.0081_ 1_1.16 190.92 0.0007_ 1.2593_ 1.1225

26 70.58|2 1063,8 0,20856 119.7910 0.008_0 142.53 180,21 0._007] 1.25?09 1.1295

27 77,9182 1065.5 0.20518 115.3118 0.00_61 143,5t 170.79 0.00072 1.25475 1.0932

28 77.2394 1065,2 0.20185 110,706W 0.00_85 IWh.16 162.39 ).00071 1.25235 1.0617

29 76.5_09 106h.3 0.19865 106.2_18 0.0090_ 144.53 154.88 0.00070 1.2_99] 1.0362

30 75.8487 1062.5 0,19578 101.9367 0.00933 14W.66 148.14 0.00069 1.2_7W7 1.0150

31 75.1334 1059.9 0.19284 97.6386 0,00955 1_.03 14?.0t 3.0006_ 1.2_496 1.0013

32 74.4075 1056,2 0,18990 93.3670 0.00985 1_3.25 136._4 0.00067 1.2_?_2 0.9906

33 73.6604 1053.1 0.18703 89,3899 0.01010 142.34 131.33 0.00065 1.239S_ 0.9810

34 72.9202 10_9.1 0,18_18 85._230 0.01036 141.37 126.64 0.00064 1.23722 0.9732

3S 72.1585 104_.8 0.18132 81.6823 0,01062 1_0.31 122.29 0.00063 1.23_56 0.9668

36 71.3871 1039,8 0.17859 77.9869 0.01089 139.17 118.26 0.00062 1.23187 0.9619

37 70.6058 1036.2 0.17583 ?_.6181 0.01113 137._7 II_.51 0.00061 t.22_16 0.9570

38 69.8145 1031.W 0,17314 21.2911 0.01138 136.72 111.01 3.00060 1.226w1 0.9532

39 69.0158 1025.9 0.17060 68.0748 J.Ott6_ 135.43 107.73 0,00059 1.2236_ 0.9k98

40 68.2062 1020,3 0.16808 6_.9973 0.01189 13_.12 104.65 0.0005_ 1.2208_ 0.9_70

42 66.5716 1010.1 0.16301 59.30_1 0.01239 131.39 99.00 3.0005? 1.21518 0.9_29

k4 64.9100 1000.2 0.15287 $_.0908 Q.01288 1_8.6_ 93.96 _,0005_ 1.209_6 0.9412

40 63.2Z67 993,1 0,15202 _9.3116 0.0133_ 125.91 89._2 0.0005_ 1.20368 0.9_36

48 61.5326 987.9 0.14665 _5.2351 0,91379 123=25 85.33 0.00053 1.19788 0.9_]2

50 59,8340 983,9 0.14193 41.6279 0.01_15 120.69 81.6_ 0.0005? 1.1920_ 0.9_19

52 58.1_27 980.7 0.13664 38.4099 0.01_43 118.26 78.32 0,00092 1.18633 0.9_02

_4 56.4686 980,0 0,13192 35.6_85 0,01_72 119,98 ?5.35 0.00051 t.18065 0.9368

56 fi_.8188 980.3 0,12761 33.1922 0.01_92 113.82 72.69 0.00051 1.1750_ 0.9333

58 53.1998 981.8 0.12355 31.0358 0.01506 111.37 70.31 0.00051 1.16962 0.9285

60 51.6176 986.1 0.11963 29.1990 0,01512 110.5_ 68.21 0.00052 1.16431 0.920_

65 47.8611 1006.8 0.11034 25,5765 0.0150_ 107.9_ 63.98 0.00054 1.15126 0.8973

20 44.4354 10_3.3 0.10169 23.0981 0.01_62 106.25 60.99 3.00056 1.1h0_0 0.8757

75 41.3625 1093,8 0,09368 21,3608 0.01_01 104.65 58.9? 0.00059 1.13027 0.8634

80 38.6321 1158.9 0.08634 20.1711 0.01322 10_._5 57.67 0.00063 1.12132 0.8_89

0§ 36.2217 1236.3 0.07968 19.3230 0.01250 106.59 56.93 0.00069 1.11346 0,8_53

90 34.0900 1323._ 0.07375 18.6790 0.01177 109.07 56,60 0.0007_ 1o10655 0.8085

95 32.19_5 1419,6 0,06852 18.1847 0,01110 111.86 56.57 0.000_9 1.10043 0.7967

100 30.50_8 1822.9 0.06398 17.7912 0.010_8 112.96 56.59 0.0008_ 1.09_98 0.799h

120 25.2655 1988.9 0.05092 16,8430 0,00850 132.61 61.75 0.00112 1.07823 0.2867

140 21.6318 2452.0 0,0_h$2 16.3628 0.00710 1_7.Z3 65.1_ 0.00141 1.06672 0.7706

160 18.967_ E865.2 0,0_159 16,0225 0,00610 157.08 6?.87 0.00171 1.05833 0.7549

100 16.9222 3217.1 0.0405W 15.8253 0.00535 163.33 ?0.3_ 0.00202 1.05193 O.?h07

200 15.2983 3519,1 0.04045 15.7122 0.00_76 162.W0 72.72 0.00235 1.04686 0.2284

2Z0 16.0096 3774.3 0.04079 15.5346 0.00_33 170,45 7_.07 0.00268 1.0_286 0.71_5

Z40 12.8974 4030.7 0.04134 15._3q1 0.00395 123.26 77._2 0.00301 1.039W1 0.7123

260 11.9S_B 428_.9 0.04183 15.3_66 0.00364 176.25 79.28 0.003_0 1.03649 0.706?

Zeg 11.14_8 W542.4 0.0_221 15.2694 0.00338 179,60 82.16 0.003?8 1.03399 0.7023

300 10.4251 4821.1 0.00246 15.2020 0.00314 103.32 8k.5_ 0.00418 1o03122 0.6q84

3_0 9.0149 5502.6 0.0_265 15.0854 0.00270 194.10 90.58 0,0052_ 1.027_3 0.692_

400 7.9461 0210.9 0.04252 1_.9621 0.0023? 206.15 96.66 0.00636 1.02_15 0.6891

450 1.1067 6937.2 0,0422_ 1_.8631 0.00211 218.89 102.75 0.00?58 1.02158 0.6871

$00 6.4291 7667.1 0.0_198 14.7826 0.00191 231.T6 108.81 0.00888 1.01951 0.6858

550 8.$704 0402.8 0.0_122 14.7150 0.0017_ 24_.75 114.84 =.01028 1.01780 0.68_9

600 5.4014 9143.0 0.0_147 1_.6579 0.00160 257.?7 120.82 0.01177 1.01637 0.6843

700 4,6S81 10643.5 0.04097 1W.5667 0.00138 283.92 132.59 0.01_99 1.01411 0.6836

000 k.0951 12182.9 0.0_0_1 14.4973 0.00121 310.39 14_.11 0.0185h 1.01239 0.683_

90_ 3.6538 13772.6 0.03977 1_.k428 0.00105 337.33 155,36 0,022_0 1.01105 0.6831

1000 $,2984 15420,3 0,03906 14.3990 0.00092 k40.56 166,35 _.03207 1,0099_ 0.5662

lZ00 2.2615 18891,0 0,03?55 14,3328 0,00081 511.13 187,63 0.04334 1,00834 0.564_

1400 2.3749 22588._ 0.03603 14,2853 0.00070 583.33 208.06 0.05594 1.00717 0.5638

1600 2.0834 26430,1 0.034?0 14.2496 0.00061 655._9 227.24 0.06982 1,00629 0.5637

1800 1.BSS5 30392.7 0.0335_ 1_.2216 0.00055 /2?.04 2k6,28 0.08499 1,00560 0.5634

2000 1.6726 34S80ol 0,03240 14.1986 0,00049 804,28 265.26 0,10158 1.00505 0.5621

ZSO0 1,3406 4?473.8 0.02867 1_,1_3 0.00040 1069.30 309._8 0.15283 1.00_0_ 0.5_38

3000 1.1130 69525.3 0.02223 14.0377 0,00033 1654,59 3_2.30 0,23163 1.00336 0._920
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16.00 _PA ISOBAR

THERNOJYNAMIC PROPERTIES OF PARAHVOROGEN

TENPERATUR_ VOLUNE I_OTHERM ISODflORE INTERNAL ENTHALPY ENTROPY CV CP WELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG. K CU H/KG CU M-HPAIKG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M#S

18,375 0.01188 Z.C_84 1.066 -Z95.7 -105.? 5.295 5,Z8 6.71 1615

lY 0.01193 _.0171 1,066 -292.3 o101.4 5.522 5,37 _,Sq 1689

20 0.01200 1.9667 1.065 -286.4 -94,4 5.883 5,$1 7.17 1680

21 0.01200 1.9163 1.062 -280.4 -87.1 6.Z39 5.64 7,kk 1591

ZZ 0.01Z17 1.8661 1.058 -274.2 -79.5 6,591 5.75 T.70 1581

23 0.01Z25 1.81_1 1.052 -267.7 -71.r 6,940 5.86 7,96 1571

24 0.01234 1,7664 1,045 -261.0 -63.6 7.28_ 5,96 8.22 1561

25 0.01243 1.7119 1.041 -254.1 -55,3 7.624 6.05 8.49 1§58

26 0.01253 1.66_2 1,031 -247,1 -46.7 7,961 6,13 8,74 1540

2t 0.01262 1,6158 1.020 -239.8 -37.8 8.296 6,21 8,98 1528

28 0.01273 1.5644 1,007 -Z32,3 -28.7 8.627 6.28 9,22 1515

29 0,01283 1.5218 0.9937 -224.7 -19.w 8.554 6.35 9.45 1585

30 0.01294 1._775 0.9796 -216.9 -g,8 g.278 6,41 9.67 1_93

31 0,01306 1.3313 0,9650 -208.9 -0,0 9,59g 6.46 g.go 1481

32 0.01317 1.3906 0.950_ -200.8 10.0 9.91? 6,_2 10.12 1470

33 0,01329 1,3_92 0.9351 -192,4 20,2 10.232 6.56 10.34 1458

34 0,01342 1.3_72 0.9192 -18_,0 30,7 10.5_4 6.62 10,56 14_6

35 0,01355 1.2689 0,g026 -175,4 _1.3 10,853 6.65 10.77 1434

36 0.0L368 1*2299 0.8057 -166.6 52.2 11,259 6.68 L0.98 1421

37 0.01381 1.1921 0,868_ -157,7 63.3 11,463 6.71 11*18 1409

38 0*01396 1.1571 0,8508 -L48,7 74,6 11,764 6,74 11.37 1307

39 0.01410 1,1222 0.8330 -139,6 86,0 12,061 6.76 11.55 1385

40 0,01_25 1.0890 0,8151 -130.3 97.7 12,356 6,78 11.73 L373

42 0.01456 1,0265 0.7789 -111,5 121.5 12,937 6.81 12.87 1349

4_ 0,01_90 0,9676 0,7429 -92.4 1_6,0 13,506 6.84 12.41 13_S

46 0.01525 0.9144 0,7075 -73.3 170.6 14,054 6.01 lZ.76 1308

48 0.01562 0,8633 0.6729 -53.4 196.5 14,604 6.96 13.10 1275

50 0.01601 0.8176 0,6391 -33,1 223.0 15,1_4 7.01 13.40 lZ$1

52 0.01641 0,7824 0.6068 -12.6 250.0 15,675 7.OS 13.6_ 1230

54 0,0168_ 0.7466 0,5758 8.1 277.5 16.194 7,09 13.89 1209

56 0.01729 0.7195 0,5463 29,2 305.7 16,708 7.13 14.07 1192

58 0.01775 0.6931 0.5184 50.1 334.1 17.204 7.16 14.25 L174

60 0.01823 0.6719 0.4922 71,8 382.T 17,690 7.20 14.39 1LEg

65 0,01749 0.6301 0.433_ 128.8 435.5 18.855 7.34 14.70 1124

TO 0.02083 C,6056 0,38k0 176,2 SOg. 6 lq.953 7,53 14,93 1096

75 0.02224 0,_943 0.3_25 228,8 58_.6 20.988 7.78 15.|9 1074

SO 0,02368 0,5913 0,3076 281,6 660.5 21.967 8.08 15.25 1057

85 0.02515 0.5968 0.2785 334.8 737.1 Z2.896 8.4Z L$._0 1045

90 0.02663 0,6071 0.2539 388.5 814.5 23.781 8.79 19.57 1837

95 0.02811 0,6208 0,2332 443.1 892.9 24,629 9.19 19.76 188Z

100 0.02959 0.6361 0.2155 498,7 972.2 25.443 9.59 15,99 1030

120 0.03550 0.7105 0,16S4 735.7 1303.7 28.461 11,16 16,08 1048

140 0.04131 0.7966 0.1342 988.1 1649.0 31,122 12.10 17,51 1073

160 0.04700 0,8856 0.1130 12_8.1 ZOOO.Z 38.466 12.46 17.56 1117

180 0,05259 0.97_ 0.0977 1507.3 2348,8 35.5Z0 12,41 17.28 1165

208 0.85810 2.0633 0,0861 1760.3 2689,9 37,317 12.14 16.84 1215

220 0.06353 1.150_ 0.0770 2005.3 3021.7 38.899 11.79 16.37 1264

240 0,06875 1._299 0.0700 2242.0 3341,9 40.292 11,_7 15.08 1309

260 0.07412 1,317_ 0.0641 _47_.2 3658.0 41.558 11.20 15.86 1357

Z80 0.07945 1._035 0,0592 2697,1 3968.2 42,707 10,98 15.39 1402

300 0.08_91 1,_973 0,0548 2919.8 4278._ 43,772 10.83 15.18 1448

350 0*09806 1.7085 0,0466 3459.3 5028.3 46.083 10*59 14,86 1548

400 0.11113 1.9180 0,0405 3989.1 $767.2 40,0$8 18.4g 14,71 1640

450 0.12_15 Z.1ZE4 0.0359 4514,3 6500.6 49.767 10,45 14.65 17Z6

SO0 0,13713 2,3341 0.0322 5038,4 7232._ 51,328 10,44 14,62 1608

550 0,15009 2.5413 0.0292 5561.2 7962.6 52,720 10,44 16.60 1835

600 0.16303 2.7482 0.0268 6084,5 8693,0 53,989 10,45 14.61 1960

700 0.18889 3.1_1_ 0,0229 7132.7 101S4,9 56.244 10.50 14.64 2108

800 0,21471 3.5742 0.0200 8187.5 116Z_,9 56,203 10.59 14.72 2225

_00 0*24052 3,9867 0,0178 9252.6 13100.0 59,942 10.71 14,84 2358

1008 0.26632 4.3991 0,0160 10330.8 14592.0 61.516 10.87 15.00 2464

1Z00 0.31791 5.2237 0.0133 12542,7 17629.Z 64.271 11.25 15,38 2672

1_80 0*369_8 _,0k83 0,0114 1_836.3 20748.0 66.679 11.88 15o81 2860

1600 0,42104 6.8728 0.0100 17215,3 23952.0 68,795 1_,10 $6,Z2 3036

1800 0,47261 1.6974 0.0089 19680.0 27_41,8 70.695 1_.49 15.61 3_|0

2000 0,5Z419 8.$219 0.0080 22_32,9 30620.0 72.5_0 12,91 17.04 3354

2500 0,65371 10.583_ 0.0064 29070,3 39529,6 78.858 14,50 18.72 3696

3000 0,78689 1_.6451 0.0053 37196.8 49707,0 85.959 18.10 22.80 3901
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16.00 HPA ISOBAR

THEPHODY_J_HIC RPOPERTIFS OF PARAM¥OROGEN

TEMPERATURE DENSITY V(DH/F)V) VI_P/qU! -_F)¢DV! -(DVIDT)/_ THERMAL
}_ _; CONDUCTIVITY

OEG. K KG/CU M KJ/KG 4PA-(:U HIKJ HPA %IDEG, K WIK-M
I0 c X 19 _

• 18.378 8W.1/OJ 1_8_.8 0.7W01_ 1/_.h170 0.00610 1Z1,39

19 83.8_38 1093.2 Q.216_6 ]69.120& 0.00630 IZW.11

ZQ 83.3088 1103.Z 0,2320_ /e, 3.6_3_ 0.00650 128.51

21 8Z.7610 [111.2 C.?77_7 15_.5978 0.00670 133.30

22 8?.ZOO6 1117,5 C.27362 193,3933 0.00680 137.Z_

23 81.6Z76 11_.J 0._1_8_ I_5,Z_OZ 0.00710 1_0._1

2q 81.0_2Z 11_5.8 0._1637 ]_3.1502 0.00?30 1_3.08

21 80._89 11_3._ 0._138_ 1_?.7!7q Q,00756 1h5.17

Z6 79.836_ 112{.C D,_1(!5_ 13Z,8603 0.00776 1W6.73

2? 79oZ100 11_7,S b.2u7Z_ 127._66 0.00?97 1_7.88

28 78.5?28 1125.7 G.?_ 1ZZ._176 _.00819 1h8.69

29 77.925_ 11_?.5 _.200_ 11_._82 0.00_38 IW�.Z_

30 77.2670 11_7.I _,1_7R_ 11_.16ql 0.0085_ 1w9.50

31 76°5983 11_,0 £,1_R 1_9o6379 0.00800 lh8o99

3Z 75,9Zll 11_,5 0.19_0q 135.5768 0,00300 lh8,33

33 75._310 _12_o6 0,1_q37 _01._96 0.009Z1 1W7.53

3W 7W.533_ 11J_,_ 0.18667 97._3_ 0.009W3 1h6.67

35 73.RZ66 1117,6 0.1_398 _3.6801 0.0096k lh5,72

36 73.1[0h 11;h._ D.1_13Z 8_.9185 0.00_5 1_h.69

37 7_.3861 1110.9 0.17_70 _6,289_ 0.01006 1&3.59

30 71.65h_ 1108._ 0.1761_ 8?.q097 0.010Z6 1h2._3

39 70,915Z 1103,9 _.1_379 79.583_ 0,010_7 1_1,Z_

hO 70.169_ 1099.9 0.172_ 7_._173 0,01067 1_0.01

_Z 68.660_ 109Z.3 0,1666_ 70._82_ 0.01105 137,_6

_k 67.1339 108_.9 0.16182 6_.9599 0.011_ 13_.07

W6 65.5916 1081.6 0,15618 59.9771 0.01180 13Z,Z9

kO 6h.0307 1076,0 _,15100 55.ZBh5 O.OLZ17 1Z9.77

50 62,_79Z 1071,_ C.1_602 51.0822 0.01251 127,31

5Z 60.9Z_9 1_71.7 b._h129 _7.6678 0.01273 1Z_.96

S_ 59.3772 t0_9.6 0.1367_ _.3290 0.01299 1_.7_

56 57.8_66 10?2.I G.13Zh_ _1.6200 0.01313 1Z0.6_

58 56.339? 1073._ _.128h_ 39.0511 O.OI3ZB 118.72

60 5_,8590 1077.9 C.1Z_55 t6.8625 0.01335 117.10

65 51.30_0 1090,_ 0.11516 32.3268 0.013hl lih._O

70 _7.9986 1129.9 _.106_8 29.0695 0.013Z1 11_.50

75 _.9729 1177.9 0.09793 _6.7_5Z 0.01201 110,83

80 _2,2333 1238.2 0.09021 24,9716 0,0123_ 110,30

85 39.7686 1312,7 0.0_318 Z3.73ZZ 0.01173 11_.20

90 37.5586 1398,_ G.O?6R? Z2.8006 0.0111W 11k._3

95 35.5736 i_93._ _.0713Z Z2.0838 0.01056 116.97

100 33.7906 159_.7 0.066_8 21._911 0.01003 117.66

120 28.1711 20c_.6 G.OSZ63 20.015h 0.00826 136._7

1_0 26._091 _5]5,_ 0.0h_I _9._857 0.00696 150.35

160 _1.Z755 _9_?.Z 0.0_753 18.8_05 0.00600 159.55

180 19.01_1 3277.5 0.0_1_2 1_._271 O.O05Z7 IE5.35

ZOO 17.2120 35eE._ S.0_121 18.301_ 0.00_70 169.1_

220 15.?_08 38hq.9 0,_]_8 18.1087 0.00_25 171.97

zkg 1_.6_0 _086.3 0.0_195 17.8896 0°00391 17_.66

260 13.h930 h3_8.7 _.O_h_ 17.7700 0.00361 177.57

280 12,5871 _6_E.3 0.0_278 17,6655 0°00335 180.87

300 11.77_9 _07_._ 0.0_300 !7,633h 0.00311 18k.$6

350 10.19?7 55E1.1 0.0_311 17._29 0.00167 195.32

_00 8.9985 6_$9.8 0.0_291 17._$90 0.00235 207._2

_50 8.0551 6996.5 0.0_59 17,1280 0.00209 220.Z5

500 7.29Zh 77_6.6 6.0_29 17.0209 0.00189 233.Z3

550 6.6628 8_62.5 _.0_200 16.9319 0.00173 Z_6.35

600 6.1338 _203.0 _.0_173 16.8568 0.00159 259.51

700 5.Z9_ 10703.9 0,0_118 16.7372 0.00137 285.96

000 k.657h t_Z_3.7 0.0_059 16.6_6h O.OOtZO 31_.7k

900 _.1576 13833.9 0.03993 16.$752 0.0010? 339.99

1000 3.75_0 15_82.3 0.039Z0 16o5179 0.00097 _00.96

12D0 3.1_56 1fl95_._ 0.03766 16._316 0.00001 511.13

1_00 2.?065 22ES3._ _.03612 16.369_ 0.00070 583.3_

1600 Z.3751 Z6_96.2 0.03_78 16.3Z33 0.00061 655,_7

1800 Z.1159 30k57.$ 0.0336_ 16.Z870 0.0005S 727.71

2000 1,9077 3h636.1 0.037_5 16.2573 O.O00_Q 803.76

?SO0 1.5Z97 _7379,1 0.02883 16.1900 0.000_0 106_._9

3000 1.Z700 68730.0 0,07_08 16.0698 0.00033 16ZI.$8

TWO-PHASE BOUNOARY

C 2

VISCOSITY THERMAL DIELECTRIC PRANOTL

DIFFUSIVITY CONSTANT NUMBER

KG/H-S SQ MIHR

X 10 ?

353,30 _.00077 1.27691 1.95_3

330.57 0.00077 1._757h 1.8357

Z99.59 0,00077 l*Z738W 1.671k

Z73.99 0.00078 1._7189 1,5293

252.55 0.00078 $.26990 1,_170

Z3_,38 0.00078 1._6707 1.3_07

218.8_ 0.00077 1.26579 1,2567

Z05,_1 0.00076 1,26369 1,2016

193.63 0.00076 1.76152 1.1529

183.25 0.00075 1.25931 1.1125

17_.06 O.O007W 1.25706 1.0796

16S.88 0.00073 1.25_70 1.0503

158.5_ 0.0007_ 1.Z52W6 1.0257

151.91 0.00071 1.25011 1.0096

1_5.91 0.00069 1._773 0.9950

1_0,_1 O,O006R 1.2_530 0,98_

135.39 0.00067 1.Z_286 0.9750

130.76 0.00066 1.2_039 0.9663

126,_8 _.00065 I._3788 0.9596

1Z2.51 0,0006k 1._3536 0.9539

118.81 0.00063 1,_3Z00 0.9_05

115,36 0.00062 1.23023 0.9k37

112.1Z _.00061 1.2Z76_ 0.939_

106._Z 0.00060 1.ZZZ_O 0.9329

100.98 0,00058 1.21712 0.9Z90

96,_7 0.00057 1.21100 0.9285

9Z.03 0.00056 1oZ06_7 0.9209

88.19 0.00055 1.20112 0.9286

8_.72 0.0005_ 1.19580 0.9Z_9

8J.59 0.0005_ 1.19053 0.923_

78.75 0.00053 1.10532 0.9185

76.Z1 0.00053 1.180Z_ 0,91k7

73,9_ 0.00053 1.175Z1 0.9005

69.21 0.00055 $.16316 0,8896

65.71 0.00057 1.15ZZ2 0.8718

63.20 0.00059 1.1k217 0.8607

61.W7 0.0006_ 1.13313 0.8500

60.33 0.00066 1.1250_ 0.820Z

59.66 0.00070 1,11702 0.8118

59.3_ 0.00079 1.11136 0.7998

59.00 0.00078 1.10550 0.80Z9

63,85 0.00103 1.08750 0.7938

66.82 0.001Z8 1.07_87 0.7701

69.Z1 0.0015_ 1.06559 0.7610

71._3 0.00181 1.058_8 0.7k66

73.63 0.00210 1.05Z03 0.733_

75.85 0.002k0 1.0_8Z_ 0.7221

78.1_ 0.00_70 1,0_5Z 0.71_B

00._1 0.00303 $,0_125 0.7090

82.75 0.00336 1.038_5 O.70_Z

89.1_ 0.00371 1,0359_ 0.7000

91.13 0.00_6_ 1,03107 0.6933

97.23 0.00_6_ 1.02730 0.6896

103.35 0,00672 $.02_8 0.687_

109._7 0.00788 1.0Z215 0.6860

115.55 0.00911 1.0ZOZZ 0.6850

121.60 0.010_3 1.01860 0.60kk

133.51 0.01320 $,0160# 0.6836

lk5.16 0.016_Z 1,01_10 0.603k

156,56 0.0198k 1.01Z58 0.683k

167.69 0.0Z817 1,01136 0.5700

189,Z$ 0,03805 1.009_1 0.5693

209,95 0.0k900 1,00018 0.5690

ZZ9,89 0o061_ 1,00717 0.5690

Zk9.18 0.07k5_ 1,00639 0,5689

267.90 0.0890_ 1.00576 0.5678

31Z,69 0.1336_ $,00_6Z 0.5507

355.9? Q.Z01_7 1.Q0303 0,5005
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C-2

10.00 MPA ISOBAR

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEM

TEMPERATURE ¥OLUHE ISOTHERM ISOCMORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVAIlVL DERIVATIVE ENERGY OF SOUNO

DEG, K CU N/KG CU N-MPA/KG MPA/K KJ/KG-K KJIKG KJ/KG-K KJ / KD-K M/S

4 18.87; 0,01178 Z.lk26 1.080 -293.4 -81,3 5.332 5,33 6,76 1648

19 0.01179 Z.1364 1.080 -Z92.7 -80.5 5.3T7 5,35 6,79 1667

20 0.01186 Z.0875 1.080 -287.1 -?3.5 5.732 5._9 7.06 1639

21 0,0119_ Z.0306 1,018 -281.2 -66.3 6.053 Y,62 7.32 1630

22 0.01201 1,9897 1,075 -275.1 -58,g 6,430 5,74 7.58 1621

Z$ 0.01209 1,9409 1.070 -268.9 -S1.Z 6.772 5.85 7.83 1612

2_ 0,01Z17 1,0923 1.064 -262.4 -43, Z ?.111 5.95 8.07 16|3

25 0.01226 1.8441 1,057 -255.? -35.0 ?.445 6.09 8.31 1553

26 0.01235 1.7964 1.049 -248.9 -26.6 7,776 6.12 8,55 1584

Z? 0.01244 1.7951 1.0_3 -241,8 -17.9 8.103 6.20 8.81 157_

28 0.0L253 1,7001 1.032 -23;.6 -9.0 8,W27 6.20 9.04 1564

29 0.01263 1.E542 1,020 -227,2 0.1 8,749 6.35 9.26 1553

30 0.01273 1.6057 1,007 -219.6 9.5 9,066 6.41 9,90 15_1

31 0.01283 1.5650 0.9933 -211.9 19.1 9.380 6.47 9.69 1531

32 0.01294 1.5226 0,9789 -204.0 20.9 9,691 6.52 9.90 1520

33 0.01305 1.4807 O,Bb_Z -196.0 38.9 9.999 6.57 10.10 1508

34 0.01316 1.4380 0.9496 -187,8 49.1 10.303 6.62 10,31 1497

39 0.01328 1.3992 0,9343 -179.5 57.9 10,605 6.66 10.51 1_66

36 0.01339 1.3617 0.9186 -171.0 70.1 10.909 6.70 10,70 1_75

3? 0.01352 1,32;1 0.9024 -162,4 80.9 11.200 6.73 10.09 1_63

38 0.01364 1.2873 0.8899 -153,7 91,9 11,493 6.76 11.08 1452

39 0.G1377 1,2532 0.8692 -144.9 103,0 11.703 6.78 11,24 14_1

kO 0.01391 1.2192 0,8523 -136.0 114._ 12.070 6.80 11.41 1_30

_2 0.01419 1.1548 0.8181 -117.8 137.5 12.63_ 6.04 11.74 1_88

4_ 0.01448 1.0969 0.7038 -99.3 161.3 13.187 6,87 12,04 1386

46 0.01478 1.0427 0.7499 -81,0 185.2 13.718 6.94 12.37 1363

48 0.01_11 0.991_ 0.7165 -61.? 210.2 14.250 7.00 12.67 13_0

50 0,01544 0.9_54 0.68_0 -42.2 239.8 14.?73 7.05 12.95 1318

52 0.01_80 0.9019 0.6923 -22.4 262.0 19.286 7.09 13.22 1296

5_ 0.01617 0.8648 0,6217 -2.3 280.6 15.789 7.1_ 13._5 1276

56 0.01655 0.8327 O.SB2; 16.1 316.0 16.287 7.18 13.6_ 1258

58 0.01694 0.8033 0.5646 38.5 343.5 16.769 7.21 13.82 12_1

60 0.01735 0.7794 0,5381 58,9 371.3 17,2_0 7.25 13.97 1229

69 0.01843 0.7289 0.4784 110.2 _42.0 16.373 7.39 1_.32 1189

70 0.01958 0.6962 0,4270 161,9 514.3 19.44k 7.58 1_.61 1158

75 0.02078 0.6762 0.3832 214.0 588,0 20,_60 7.82 1_.86 1133

BO 0.02202 0.667? 0.3;59 266.5 662,8 21._26 8.12 15.07 1113

85 0.02329 0.6663 O.Bl_Z 319.6 738.7 ZZ.3_? 8.47 15.38 1097

90 0.02497 0.6711 0.2872 373,5 815.8 23.228 8.84 15.52 1085

95 O.OZS87 0,6806 0.2641 _28.3 894.0 29.073 9.24 15.75 1077

100 0.02717 0.6927 0.2_42 48_,3 973.3 24.887 9.6_ 15,99 1072

120 0,03237 0.7587 0.1876 722,7 1309.3 27.910 11.19 17,02 187_

140 0°03751 0.8391 0.1523 976.6 1651.8 30.580 12.14 17.58 1102

160 0,0_258 0.9252 0.1231 1238.1 2004.5 32.934 12.49 17.64 1143

180 0.0W756 1.0128 0.1106 1498,5 2354.6 3_.997 12.44 17,35 1189

200 0.05246 1.1000 0,0974 1752.8 2697.1 36.801 12.17 16.91 1236

220 0.05730 1,187_ 0,0870 1990,8 3030.2 38.389 11.83 16.43 1284

Z_O 0.06208 1.2728 0.0786 2236,6 3394.1 39.798 11.50 15.99 1331

260 0.06670 1.3507 0.0720 2467,0 3667,6 41,054 11.22 15.66 1373

280 0.07145 1.4373 0.0667 2692.1 3978.3 _2.205 11.00 15.43 1420

300 0.07635 1,5332 0.0610 2915.5 ;289.9 43,27_ 10.85 15.21 1466

350 0.08808 1.74_1 0.0524 3456.1 50_1°1 45.589 10.60 14.88 1565

400 0.09968 1.9533 0,0456 3986.6 5780.9 47.566 10,50 [_.13 1655

490 0.11126 2,1615 0,0404 ;512.4 6515,0 49,297 10._6 lq.66 17_0

500 0°12281 Z.3690 0.0362 5036.8 724?°3 50,839 10.45 1_,62 1821

550 0.13433 2.5760 0,0329 5560,0 7977.9 5Z.231 10.45 14.61 1898

600 0.1_584 _.7827 0.0301 6083.5 6108,6 $3.501 10.;6 1_.61 1972

700 0.16882 3,19_6 0.0250 7132.2 1017_.9 55.757 10.50 14,65 2111

800 0.19176 3.E082 0.0225 8187.2 11639.2 57.716 10.59 14.72 2240

900 0.21472 4.0205 0.0200 9252.3 1311_.4 59.456 10.71 14.Bk 2360

1000 0.23766 _,9327 0,0180 10330.9 14608.7 61.030 10.87 15,00 2_73

1200 0.28391 5.2570 0.0150 12543.0 17646.1 63.785 11,25 15.36 2680

lq00 0,32935 6.0812 0.0128 1_836.7 20r65.0 66.193 11.89 15,81 Z868

1600 0,37_18 6.9056 0.0112 17215.8 23969.1 68.309 12.10 16.22 30_3

1800 0,42102 1.7300 0.0100 19680,4 27258.7 70,209 12,49 16.61 3207

_000 0.46687 8.5544 0.0090 _2232,7 30636,3 72,05_ 12.90 17.03 3360

2500 0.58196 10.6157 0.0072 29058.5 ]9533.8 78.366 14.45 18.66 3712

3000 0,70014 12.6772 0.0060 37119.9 _9722._ 85._;3 17.95 22.55 3989

+ TWO-PHASE BOUNDARY
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10.00 NPA ISOBAR

TEMPERATURE DENSITY V(OM/DV_

OEG. K KG/CU H KJIKG

18.8T4 84.0?04 1137.7

19 84*8070 1139._

20 84.2955 1151.0

21 83.7725 1160.5

22 83.2381 1168.4

23 02.6924 1174.6

24 82.1357 1179.b

25 81,5680 1183.3

26 00,9095 1186.2

27 80,4001 1184.7

28 ?9.7998 1187.5

29 79.1840 1188.9

30 ?8,5637 1187.5

31 77.9345 1189.4

32 77.2941 1189,8

33 76.6_71 1188.8

34 75.99Z6 1186.6

35 75.3265 1185,5

36 74.6560 1184.3

37 73.9771 1182.2

38 73.Z910 1179,5

39 72.6014 1177.1

kO 71.9051 1172.9

42 70.4961 1167,8

44 69,0729 1163.7

46 67,6380 1163.D

48 66.1964 1160.5

50 64,7504 1168.9

52 63.30Z8 1156.8

54 61.8615 1157.0

56 60.4295 1158.8

58 59.0159 1160.6

60 57.6Z14 1165.7

65 54.2514 1183.9

70 51.076Z 1216.2

75 48.1267 1261,7

80 45.4163 1321.5

85 42.9418 1392.9

90 40,6944 1475.8

95 38,6540 1569.0

100 38.8044 1669.4

120 30.8955 2126.8

1_0 26.6567 2582.5

160 23.4862 2992.0

180 21.0273 3341.?

ZOO 19.0621 3642.5

220 17.45Z0 391_.2

Z40 16.1070 4169.2

260 14.9925 _04.1

Z80 13,9953 4650.8

300 13.0969 ;938.7

350 11.3563 5620.3

400 10.0318 6329,1

450 8.9800 7056.1

SO0 8.1430 778E.;

SSO 7.4445 8522,5

600 6.8670 9263.1

700 5.9234 10764.3

800 5.2143 12304.5

900 4.65TZ 13898.1

1009 k.2077 15544.1

1200 3.5272 19017.6

1400 3.0383 22718.2

1600 2.6654 2656Z.1

1800 2.3752 30522.5

2000 2.1419 34694.0

2500 1.7103 47312.7

3000 1.k283 68083,8

• TM3-PHASE 8OUHDART

TMERHOOYNAMIC PROPERTIES OF PARA_YDROGEN

v(op/ou_ -v<oP/o_

HPA-CU MIKJ MPA X/OEG. K N/K-M

X 10 2 x 103

0.23871 181.8403 0.00594 126,03

0.23807 181.1834 0.00596 126.57

0,23330 175,9684 0,0061_ 131.23

0.22897 170.7764 0.00631 136,27

0.22497 165,6158 0.00649 140,45

0,22129 160.4964 0.00667 143.88

0,21783 155._285 0.00685 146.69

0.21458 150o4231 0.00703 148.95

0.21145 145o4917 0.00721 150.69

0.20915 140o3040 0.0074; 152,01

0.20598 135.6647 0,00761 152.98

0.20280 130.9867 0.00779 153.64

0.19997 126.1467 0.00793 154.05

0.19701 121.9677 0.0001; 153.66

0.19413 117.6904 0.00832 153.09

0.19130 113.4083 0.00830 152.40

0.18878 109.2804 0.00869 151.63

0.18621 105.3932 0.00888 150.76

0.18360 101,6578 0.0090_ 149.82

0.18116 97.9564 0.00921 148.80

0.1787; 94,3467 0.00939 147.?2

0.17646 90.9873 0.00955 1_6.61

0,17423 07.6682 0.00972 1_5.45

0.16972 81._092 0.01005 143,03

0.16510 76.7670 0.01035 140.56

0.15967 70.5Z_8 0.01063 138.09

0°15468 65.6292 0,01092 135.66

0.14988 61.2190 0.01117 133.30

0.14524 57.09_6 0.01142 131o01

0.14070 53.5005 0.01162 120.0_

0.13655 50.3192 0,01177 126.78

0.13261 47.4072 0.01191 124.85

0.12873 4_.9082 0.01190 123.23

0.11935 39.5450 0,01210 120.30

0.11033 35.5507 0.01201 118.25

0.10175 32.5426 0.01177 116.58

0.09375 30.32_0 0.01141 115,80

0.08643 28.6114 0.01098 117,52

0,07982 27.3084 0,01052 119.55

0.07397 26.3060 0.0100_ 121.88

0.06887 25,4928 0.00958 122.30

0,05427 23.4407 0.00800 140,63

0.04?07 22,3681 0,00681 153.64

0.04366 21.7295 0o00590 162.19

0.04229 21,2970 0.00519 167.52

0.04197 20.9669 0,00464 1TO,9?

0.0_21_ 20.7219 0.00420 173.60

0.04246 20.5002 0.0038; 176.1_

0,04280 20.2510 0.00355 178.95

0.04334 20.1147 0.00332 182.18

0.04353 20.0796 0.00308 185.83

0.04356 19.8062 0.0026S 196.56

0,04330 19.5952 0,00233 208.70

0.04293 19.4272 0.00208 221.61

0.04260 19.2904 0.00188 234.70

0.04227 19,1769 0.00171 247.95

0.04197 19.0812 0.00158 261.24

0.04139 18.9292 0.00136 207.98

0.04077 18.6141 0.00120 315,07

0.04009 18.7239 0,00107 342.65

0.03934 18.6515 0.00096 440.96

0.03177 18.5425 0,00001 511.13

0.03621 18.4645 0.00070 583.32

0.03486 18.4059 0.00061 655._5

0.03369 18.3602 0.0005; 727.61

0.03256 18.3229 O.O00k9 803.32

0,02897 18.2_13 0.00039 1057.98

0.02339 18.1067 0.00033 159;.22

C 2

-(OV/OT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
-- CONOUCT]VTTY OIFFUSIVITY CONSTANT NUMgER

KG/_:S SQ H/HR
X 10 +

365.4; 0.000?9 1.279;0 1.9595

360.52 0,00079 1.27918 1.93_7

325.55 0.00079 1.27735 1.7520

296.70 _.00080 1.27549 1.5953

272.79 0.00080 1.27359 1.4725

252.54 0,00080 1.27165 1.3744

235.26 0.00080 1.76967 1.2951

2Z0.37 0.000?9 1.26765 1.2300

207.;2 0.00078 1o26560 1.1769

196.07 0.00077 1.26352 1.1362

186.04 0,00076 1.26139 1.0988

177.07 0.00075 1.25922 1,0670

169.09 0.0007; 1.25705 1.0405

161.92 0.00073 1.25481 1.0207

155.41 0,00072 1.29259 1.0045

149.51 0.00071 1,25028 0.9909

144.12 0.000?0 1.24790 0.9800

139.15 0.00069 1.24564 0.9700

134.59 0,00068 1.2;32q 0.9614

130,37 0.00066 1.24091 0.95;2

126.45 0.00066 1.23852 0.9480

122,80 0.00065 1.23611 0.9410

119.39 0.00064 1.23368 0.9367

113.19 0.00062 1.22877 0.9287

107.70 0.00061 1.22383 0.9225

102.80 0.00059 1.21887 0.9205

98,39 0.00058 1.21389 0,9190

94.41 0.00057 1.20891 0.9171

90.79 0.00056 1.20394 0.9158

87.51 0,00056 1.19900 0.9132

84.53 0.00055 1.19411 0.9096

81.83 0.00055 1.18930 0.9059

79.38 0,00055 1.18_56 0,8998

74,26 0.00056 1.17316 0.86;0

70.34 0.00057 1.16250 0,8889

67,41 0,00059 1.15264 0.8591

65.20 0.00061 1,14364 0.8497

63.78 0.00064 1,13S47 0.8302

62.70 0.00063 1,12807 0.8151

62.18 0.00072 1.12139 0.8035

61,57 0.000?5 1.11636 0.0052

66.03 0.00096 1.09624 0.7993

58,60 0,00110 1.08266 0.78;9

70.64 0,00141 1.07250 0.7602

72.60 0.00165 1.06481 0.7521

74.60 0.00191 1.05863 0.7300

76.69 0. Q0210 1.05359 0.7259

78.86 0.00246 1.04938 0,7161

81.09 0.0027_ 1.04591 0.709;

83.38 0.00304 1.04281 0,7060

85.71 0.00336 1.04002 0.7014

91.69 0.00419 1.0346_ 0.69;2

97.80 0.00509 1.03056 0.6902

103.06 0.00605 1.02735 0*68?8

li0,12 0.00709 1,02475 0.6862

116.Z? 0.00821 1.0Z261 0.6851

122.37 0.00939 1.02001 0.684;

134.42 0.01195 1.G1796 0.6836

146.22 0.01_77 2*01930 0.6833

157.76 0,01784 1.01410 0.6834

169,0_ 0.02513 1,01274 0.575;

190.86 0.03393 1.01067 0.5742

211.8_ 0.04376 1.00918 Qo57_1

232,06 0.05457 1.00805 0,$7_4

261.61 0.06630 1,00717 0.574S

270.57 0.07928 1.00647 0.5736

316.9_ 0.11872 1.00619 0.$575

359,72 0,17820 1.00431 0.S008
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II

C-J THEPMO�YNAMI[ P_OPERTIES Or PA_A_ _oOGEN

ZO.0C XPA 150UAR

IEMPERATJN_ VOLU_E ISOTM_PM ISOCH[RE I_ T _L FNTHALPY ENIROPV CV CP @ELOCITY

9ER!VAT]J_ _ERIVATIVE E''-!OY OF SOUNO

OEG, _ Cb M/K; C J M-'PA/KO MPAIK KJ/_G-K KJIKG KJIKG-K KJ I KG-K MIS

" 19,35] 0,31169 ?,_W_ _.0_ -_91,0 -57.Z _,367 S,38 6,80 1680

ZJ 0.011?3 ?._O_C 1.0_W -2_l.h -52._ 5,551 5,_7 6.97 1675

21 O,UI180 2.15h_ 1,G93 -2_1.? -WS.T 5.537 5,60 7,Z_ 1667

ZZ &,911B? Z.lb_7 1.09C -_75.0 -30.] 6.21q 5.72 7,_7 1659

23 C,01195 2,0f, 11 I.C_7 -2e9,7 -30,? 6,61_ 5.83 7,71 1651

2w C.OIZ03 2,C13( 1.08_ -Z£3._ -Z2,9 6,950 5.93 7.95 16_2

25 0,01710 1.qb_ 1._;_ -_,,.g -1_._ 7,279 6.03 8.1_ 1636

2o O.Ot_I9 I._19 _ 1.06_ -250,2 -6.5 7,60_ 6.11 _.kl 16Z5

Z_ 0.CIZ36 1,_77_ 1,0ri -_36,_ 10.7 BoZ_ 6._8 _.8fi 1606

Z_ 0,01_W5 1.7797 1,0wW -27cI._ 1_.7 8,560 6.35 5,I0 1_97

3U 0,01Z5_ 1.7_ 1.03_ -Z71.8 Z_.g 0.87Z 6._1 9.30 1588

31 0,01_b3 1.Eg_7 1.0lq -21_.3 35._ 9.180 6.W7 g.51 1577

3Z 0.01Z73 I.&_80 t. OOh -206.7 _7.9 q 85 6,53 g.T1 1566

33 0.01783 i.tL_ 0._921 -19_,8 57._ _ _7 6.50 9.90 1556

J_ O.OIZ_ _.£(15 C._777 -lg0,_ 67.7 I&._OS 6.63 10.0q 15k6

3_ 0.0130_ 1._777 0,9630 -I_2,8 77,9 10,381 6.67 10.28 1535

36 0.01315 1.(,8_1 0.9_63 -17_.6 8_.3 10.6_3 6,71 10._8 1523

3? 0,013Z6 1._g_ 0.g331 -160.3 g8.9 10.963 6.75 10.66 1513

38 0.01337 1.01_6 0.9177 -1fi?.8 109,6 11.2W9 6.78 10._3 1503

39 0.013W9 1,37q3 0.9C19 -1_9.3 1ZQ,_ 11,533 6.81 10.99 1h93

_Q 0.01361 1,3_ 0.8859 -I_C.6 131.6 11.813 6,83 11.15 1_8Z

h2 0.01386 1._803 0.8533 -123.0 15_,_ IZ.36_ 6.86 11._5 1_6_

_ O,C:_IZ 1,0210 0.0_06 -105.1 l?_.w 1_.90W 6.90 11.7W 1WW1

_6 0.01_0 1,16_9 0.7880 -87.3 _00.7 13.W_1 6,98 12.06 I_I_

_8 0.01_68 1,11_5 0.Z555 -68.6 ZZS. I 13.gwo 7.03 1Z.36 1398

50 0,01W98 1.0671 O.?_Z -_9.6 Z50,0 1_._9 7.09 12,60 1378

52 D.015Z9 1.02_9 0.6_35 -30._ Z75._ 1_.9_0 7.13 12.85 1358

5_ _.01567 O.�e19 0.6636 -10.9 301,W 15.W30 7.10 13.09 1330

56 0.01595 O.q_3 0,63;6 _.0 3_8,1 15.923 7.2Z 13.Zq 1319

50 0.01830 0.9139 0.6067 78.8 35_,8 16.39_ 7._6 13._7 1307

60 0.01666 0,8863 0.5_03 _8.8 381.9 16,851 7.30 13,63 1_86

65 0.01760 0.8[98 0.'157 9_.0 _51,0 17.957 7._h 13,99 1Z_9

lO 0,01860 0,76_3 0,_71 1WQ,9 5Z1,8 19,006 7,6_ 1W.3_ 1_17

75 0.0196_ G.7676 0._216 201.3 59_,1 20.00_ 7.8? 1_,62 1190

80 0.07073 _.7_0I 0.38_3 253.h 667.9 20,956 8.17 1_.90 1167

85 0.0718_ 0.7398 0,3_86 306,3 Th3,1 ZI.867 8,51 15,17 1168

gO C.O_�I 0,73qb 0.3195 3F0._ 819,6 ZZ.7k_ 0.09 15.66 113h

95 b.OZWl? O,?_WW 0.25_3 _L5.1 897.5 23.58_ 9,_8 15.71 1173

10B _,02527 0.7532 0.2725 W71.3 976.7 2_.397 _.68 15._7 1115

1_0 0.07990 0._101 0.2096 710.7 1308,7 ZT.kZ1 11,22 17.06 1119

1_0 0,01k51 0.88_ 0.1702 9_5.9 1656.0 30.0q6 17.17 17.63 1137

160 0,0390b 0.q665 0.1_3_ 1_78.6 2009.8 32._56 1_.57 17.70 1169

180 0,0_355 1,C521 0.1235 1_90,Z 2361.1 36,5Z0 1?,67 17.40 I?IZ

ZOO 0.0_796 1.1390 0.108_ 17_5,b 270_._ 36.339 17.20 16.97 lZS9

Z?O 0,05233 1.ZZ_5 C.0970 199Z.7 3039._ 37.912 11.86 16,_9 1305

2_0 0.0566_ 1.3105 0.08?6 _231._ 336_.3 39,3_T 11.53 16.05 1350

_6_ 0,060_I 1,3950 0.0800 Z_6_.8 3681,0 k0.615 11.Z5 15.67 139k

280 0,0651W L._793 0.0735 Z688.2 3991.0 w1.76; 11.02 1.36 1_36

300 0.069_1 .569_ 0.0608 2511,_ _30_.6 _2.828 10,86 1_.Z_ 1_8_
350 0,08005 ,7800 0.05_3 3_53,0 505_.1 65,1_7 10.61 1_,90 1561

_00 0.09053 i.q889 0.050? 3_®,.2 579_.8 _7.1_6 10.51 1_,?_ 1671

WGO 0,10095 _.1968 O.OWW3 W_I_.5 65_9.5 W0,858 lO.k/ 1_,67 1755

50_ 0.11135 _,_CWO 0,0_03 $035._ 7_67.3 50._01 10o_5 1_.63 1835

550 0,1Z17Z Z.6100 0.0365 5550,9 7993.3 51,7_5 10,_5 1_.60 1911

600 0.13Z00 _°R173 0.033_ 6082.7 8??_.? 53.065 10._6 1k.6Z 1986

?00 0,15_77 3._99 0.070_ 7131,7 10107.3 55.321 10.51 lk,65 ?1_2

800 0,173_3 3.6_0 0.035_ 0187,0 11655.6 57,201 10.59 1k,73 _750

900 O,lg_OB _,05_1 0.02?2 9252,3 13133.9 59,0_1 10.77 1W.05 Z3?0

1000 0,21_Z _._660 0.0700 10331.0 1_675,_ 60,595 10.87 15,00 _82

1700 0.?55_9 5._89_ 0.0167 1_3.3 17663.Q 63,351 11.75 15.30 7608

1_00 g.2972h 6.113_ 0,01_3 1_837.2 ?0781.g 65.758 11.69 15,81 _876

1600 0.338_9 6.538C 0.0125 17_10.3 _3986.1 67.87_ 1_.10 16,2? 3050

1800 0,3797_ ?.7EZ_ 0,0111 !36_0.9 _?775.7 69,77h 1_._9 16,61 3Z13

£000 O._ZIO0 8.5_65 0,010_ 2_232.7 30657,? 71.619 12.90 17,0Z 3367

?SO0 0.52_56 10._,75 _.0080 Z90_B.R 395_3.3 77,9?7 16.61 10,61 3705

3000 0.63076 1_,7E87 C.O0_? 37055.1 _9670,_ 8_.983 17,77 Z?,33 3996

" T_3-PIASE BOUNDARY
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II

?O.OO NRA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN C-2

TENPERATURE DENSITY V(DH/OV_ V(DP/DU)¥ -V(DP/OV_ -(DV/DT_/¥ THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTIVITY DIFFUSIVIIY CONSTANT NUM6ER

OEG, K KGICU M KJ/KG NPA-CU M/KJ MPA IlOEG. K WIK-M KGIH-S SQ MIHR
X 102 x 103 X 10 T

19.300 81.5W33 1188._ 0.237_8 191.1_15 0.00572 130.;6 377.62 0.0008% 1.78181 1.9680

20 85.2277 1196.5 0,23_62 187.8;10 0.00582 133.83 353.37 3.00081 1.?8068 1.8393

21 8;,7267 1ZQ7.S 0.23021 187.700W D.00598 139.12 321.0W 0.0008? 1.?7889 1.6666

22 8;.21_2 1216.9 0.226?; 177.5827 0.0061_ 1_3.52 29_,22 0.00082 1.27706 1.5338

23 83.69Z1 122_.6 0.22258 172._970 0.00630 1;7.10 ?71,67 0.00082 1.27520 1._2_1

2; 83.1699 1231.0 0.21916 167,;527 O.OOG_6 150.15 252.50 0.00082 1.27331 1.3370

25 82.6179 123&.0 0.2159; 162._598 0.00662 152.58 236.03 0.00081 1,27138 1.2657

26 8Z.0662 1ZWO.? O.ZIZ86 157.5?89 0.006?8 15W.;7 221.76 3.0008% 1.269;2 1.2072

27 81.5050 12_3.6 0.2098W 152.6707 0.0069; 155.9; 209,29 0.00080 1.26743 1.1589

28 80.93;6 12_6.8 O.ZO&87 l_?.8g&k 0.00710 157.0& 198.32 0.00079 1.265_1 1.1185

2g 80.3501 12_6.2 Q.20;69 1_2.999; 0.00730 157.8_ 188,54 0.00078 1.2633_ 1.0868

30 79.7603 12_8.6 0.20186 138.53_5 O.OOTk5 158.37 179.85 0.00077 1.26125 1.056;

31 79.1617 12_0.3 0.19899 13W.01;9 0.00760 158,07 172.05 0.000?6 1oZ591W 1.03W8

32 78.6555 12_6.9 0.19617 129,W586 0.00??7 157.59 165.02 O.O00/_ 1.25700 1.0172

33 77.9_19 1251.7 0.193_ 125.3930 0.00791 156°98 158,&5 3.00073 1.75W83 1.0009

3; ??.3220 1252.1 0.19078 121.2815 0.00806 1_B,30 152.86 0.00072 1o75765 0.9871

35 7B,b�WB 1251.2 0,10820 117.1683 OoO08ZZ 155o51 1W7.55 0,0007% 1.?$0W4 0.975T

36 76.0619 12_9.0 0,1857W 113.0376 0.00839 15;o6k 1;2.68 0.00070 1.2W82? O,9667

3? r5._195 12_8.s 0.18331 109.3153 0.0085; 153.69 138.17 $.00069 1.2k597 0.9581

38 7;.?739 12;7.9 0.18099 105.7Tlg 0,00868 15?.68 13;.00 0,00068 1,2;370 0.9503

39 7;.L217 12_5,9 0.17881 102.2326 0.00882 151.62 130.13 0.00067 1.2;[kZ 0.9;3_

_0 73.;653 12_3.3 0.17665 98.76;5 0.0089_ 150.63 126.52 _.00066 1,2391_ 0.937;

;Z 72.139& 1239.8 0.1723_ 92.3572 0.0092_ 1;8.21 116.99 0.00065 1.23_50 0.927W

_ 70.8011 1237.3 0.16788 86.;;88 0.009_g 1k5._3 11;.23 0.00063 1.2298; 0.9200

q6 69.;518 1238,2 0,16283 00.90?7 0.0097; 163.;5 109.10 _.00062 1.22515 0.9172

kS 68.0910 1239.0 0.15760 ?5.89?0 0.00990 1kl.0g 10;.50 0.00060 1.220;5 0,9139

50 66°7399 1239.3 0.15316 71,_198 0.01017 136.79 100.35 0.00059 1.21576 0.9113

52 65.3829 1239.6 0.1;868 66.8621 0,01037 136.56 96.59 0.00059 1.21109 0.9091

5; &_.OZ96 1239,9 0.1;;33 62.8680 0.01056 13;.;2 93.17 3.00058 1.206_3 0.9072

56 62,_829 IZ_?.1 0.1k015 59.315k 0.01070 132.39 90.06 0.0005? 1.20181 0.90_0

58 &1.3;66 12_;.; 0.1367_ 5&.0628 0.01062 13Q.;7 87.22 0.0005? 1.1972; 0.9003

60 60.0282 12_9.W 0.132_1 53.Z057 0.01091 1Z8,05 8;.65 0.9005? 1.19_ 0.8950

65 56.8213 1269.0 0.12301 ;7.1;65 8.01102 125.90 79.15 0.00057 1.18185 0,6?95

70 53.773; 1300.9 0.11393 _Z._;5_ 0.01100 123.59 7_,87 0,00058 1.17155 0,8673

75 50.9103 1365,9 0.10571 38.827_ 0,0108& 121.93 71.57 0.00059 1.1019; 0,8580

80 ;8.Z_79 1;03,Z 0.09699 36.0001 0,01062 120.91 69.06 O°O00&l 1.15005 0.6510

85 k5,7912 1_7k.3 0.08993 33,8776 0.01_29 127.55 &?.25 0,0006_ 1.1;;88 0.832_

90 _3,535_ 15_.0 0.08259 32.7001 0.00992 129._3 65.95 0.0006? 1.137;? 0.818_

95 _1.;668 16_7.3 0.07650 30.8672 0.00953 126,60 65.07 0.00070 1.13061 0.807;

100 39,57;2 17;7.1 0.07116 29.8060 0,0091N 126.84 B;,O; 0.00072 1.17k_0 O.806k

120 33,kk?? 7202,9 0.0558k 27,090k 0.0077; 1_ko72 66.2k 0.00091 1.lOkk? 0.6036

lkO 28,9793 ?bSk.O 0.0;8_? 25.6237 O.O06&_ 157.0k 10.;_ 0.00111 1.09008 0,7907

160 25.6015 3060.1 0.0k;65 2_,7531 0.80578 1&k.96 T?.lk 0.00131 1.07930 0.77;1

160 _2.96_7 3kCT.Z O.Ok31k 2;.1615 0.00511 169o80 ?3.83 0,Q0153 h07093 0,757k

200 20.6;86 3708.7 0.0;2?2 23,7958 0,00;58 177,91 7_.5; 0.00176 1.06_25 0.7_Zk

220 19.1108 3978.1 0.0_279 23._010 8°00;15 175.31 77.58 0.00200 1.05878 0.7297

Z;O 17.05k9 k235.6 0.0;305 23.1303 0.00379 177.68 79.6_ 0.0022_ 1.05_22 0.7197

260 16.k175 _;89.0 0.0_328 22.9019 0.003W9 100.36 81.79 0.00257 1.05035 0.7106

280 16.3609 k7_6.1 0.0_3;_ 22.7079 0.0032_ 183.53 8_.03 3.00?80 1.09703 0.7035

300 1;,3862 k998.1 0.0;_05 22.5803 0.00305 167°13 80,33 0.00307 1.Ok;03 0.7029

350 1Z.qgl; 5680.0 0.0_00 22.2353 0,00767 197.82 92.27 0.00383 1.03815 0.6951

_00 11.0_65 6388.9 0.0;368 21.9708 0,00231 209.96 98.38 O.OOkB_ 1.03368 0.6907

650 9.9058 7116.0 0.0;326 21.7611 0.00200 222.96 10;,57 0.0055_ 1.03017 0.6881

500 8.9811 76kB.k 0.0;289 21.5907 0.00186 236.16 110.78 0.006;7 1.02732 0.666;

550 8.2157 8582.7 0.0;25; 21.;;96 0,00170 2_9,53 116.96 0.007k8 1.02;97 0.6853

600 7.5713 9323,; 0.0_222 21.3309 0.00157 26Z.96 123.15 0.00655 1.02300 0°68q5

700 6.5k60 1082;.6 0.0;lb0 21.1k26 0.00135 269.99 135.33 0.01089 1.01986 0.&836

800 5.7660 12365.2 O,0;Ogk 21.0002 0.00119 317._0 1;7.27 0.013k6 1.017;8 0.0633

900 5.1575 13956.3 0.0;02; 20.8686 0.00106 3k5.30 156.95 0.01625 1,01561 O.BB3W

1000 ;,&572 15605.? 0.039k8 20.799k 0.00096 _0,56 170.38 0.022?0 1.01_10 0.5801

I200 3.9005 1_080,6 0.03?88 20.6651 0.00061 511.13 192.51 0.03063 1.0118? 0,5791

1WOO 3,36k3 _2782,6 0.03630 ?O,SBgo 0,00069 563°32 213.?6 0°039W8 1.01017 0.5793

1600 2.95k3 20627.? 0.03;93 20,;971 0.00061 655._w 23;.2k _.0_973 1.00893 0,5798

1600 2.633_ 30587.5 0,033?5 20._09 0.0005; 727.51 25;.05 0.05987 1.00796 0.5801

200o 2.3?53 3w753.2 0.03261 20.3953 0.00o;9 802.95 273.27 0,071_8 1.00717 0.579;

2500 1.g05; _7267,3 0.02910 20.2979 0.00039 1053.09 319,2; 0.10683 1.00576 0.56k$

3000 1.585; 675_8.; 0.02365 20.1;8_ 0.00033 1571.05 363,5_ 0.15972 1.00_78 0,5168
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22.00 NPA ISOBAR

THERHO_YNAHIC PROPERTIES OF PARAHYOROGEN

TEHPERAIURE VOLUH( ]$OTHERM [SOCHORE |NTERNAL ENTHALPY ENTROPY CV CP VELOCXTV

0ERIVATIVE OERIVATIVE ENERGY OF SOUNO

OEG. K CU M/KG CU M-HPA/KG HPAJK KJ/KG-K KJ/KG KJIKG-K KJ / KG-K NIS

19.835 0.01160 2.3243 1.107 -288.5 -33.Z 5.401 5.43 6.84 17L1

20 0,01161 2.31E7 1.1Q7 -207.6 -32.1 5._58 5,45 6.80 1710

21 0.01168 Z.2703 1.107 -Z8Z.O -25o1 5.800 5.59 ?.13 1702

ZZ 0.01175 Z.2238 1.105 -276.2 -17.8 6.138 5.71 T.37 1695

23 0.01182 Zo1773 1.102 -27D.3 -10.3 6.471 5,82 7.61 1887

Z_ 0.01189 Z,1308 1.098 -264.1 -Z.& 6.799 5.92 7.8k lblO

25 0.01196 Z,00_6 1,093 -257.8 5.4 7.12k 6.02 8,07 1672

26 0.0120_ 2.0385 1.086 -2S1.3 13.5 7.4_5 6.11 8.29 1663

27 0.01212 [.9928 1.079 -244.6 21.9 7,762 6.19 8.50 1655

28 0.01220 1.9476 1.070 -237.8 30.5 8.075 6.27 8.72 16_6

29 0.01228 1.9030 1,061 -230.8 39.4 B.3Bk 6.3_ 8.93 1637

30 0.01236 1.0591 1.051 -Z73.6 48._ 0.691 6.41 9.14 1528

31 0.01245 1._157 1.0_3 -216.3 57.7 8.995 6.47 9.35 1620

32 0.01254 1.7798 1.031 -Z08.8 67,1 9.295 6.53 9,55 1611

33 0.01264 1.7338 1.018 -201.2 76.8 9.592 6.58 9.73 1601

34 0.01273 1.6912 1.004 -193.S 86.6 9.885 6.63 9.92 [590

35 0.01283 1.E534 0.9903 -185,6 96.6 10.175 6.68 [0.10 1581

36 0.01293 1.EISO 0.9760 -177.6 106.8 10._62 6.72 10.27 1571

37 0.01303 1.5756 0.9615 -169.5 117.2 10.7_6 6.76 10._5 [860

38 0.01314 1.53_0 Q.9_68 -161.3 127,7 11,027 6.60 10.62 1_9

39 0.0132_ 1.5001 0.931_ -152.9 138._ 11.305 6.82 10.78 lSkO

kO 0.01335 1.467E 0.9167 -144.5 149.2 11,580 6.85 10.93 1531

42 0.01358 1._030 0.8056 -127.k 171._ 12.120 6.69 11.22 1_12

44 0,01382 1.3408 0.8592 -[09.9 199.1 12.649 6.93 L1.50 1492

46 0,01407 1._8_8 0.8227 -92.6 216.9 13,15_ 7.01 11.80 1471

46 0.01933 1.2332 0.7915 -7_.k 2_0.8 13.663 7.07 12.07 1681

50 0.01459 1.1839 0.7609 -55.9 269.Z 14.161 7.12 [Z.33 $432

52 0.01407 1.1394 0.7309 -37.2 290.1 14.6_9 7.17 12.56 1413

64 0.01516 1.0982 0.7017 -18.Z 315.4 15.127 7.22 12.76 [395

56 0.01846 1.0601 0.673k 1.3 341.5 15.601 7.26 12,99 1377

58 0.01577 1.0243 0,6_58 _0,? 367.6 16,060 7,30 13.17 1399

60 0.0L609 0.9927 0.6193 k0.2 394.1 16.509 7.34 13o34 1343

65 0.01892 0.9299 0.5583 89.5 _61._ 17.592 7.48 13.72 1306

70 0,01780 0.8831 0.5046 139,5 531,2 18.621 7.67 14.07 1273

75 0.01873 0.8_98 0._577 190.3 60_._ 19.603 7.92 [4.40 12_3

80 0,01969 0.8291 0._170 242.0 675.2 20.542 0.21 lk.72 1219

85 0.02068 0.8156 0.3814 294.7 769.5 21,44_ 8,55 [5.04 1197

90 0.0Z168 0.8110 0.3506 398.4 825.5 22.312 8.93 [5.34 1161

95 0.02271 0.8116 0.3237 _03._ 902.9 23.1_9 9.32 [5.64 1157

100 0.0Z37_ 0.8163 _.300Z 459.6 981,9 Z3.959 9.72 15,94 1157

120 0.02790 0.8643 0.231k 699.9 1313.7 26.902 11.25 17,05 1144

140 0.03207 0.9309 0.1880 955.9 1661._ 29.660 12.20 17,66 1161

160 0.03620 1.0099 0.1582 1219.7 Z016.Q 32.028 12.55 17.75 1195

180 0.04028 1,0936 0.1365 1482._ 2368.5 34.104 12.50 17.47 1236

200 0.0_430 1.1784 0.1200 1738.8 2713.3 35.920 1Z.23 17.03 12ll

220 0.048_7 1.2638 0.1071 1986.9 3048.7 37.519 11.89 16.59 1_26

240 0.05219 1.3483 0.0966 2226.5 337_.8 38.938 11.56 [6.09 1370

260 0.05608 1.4326 0.0881 2458.8 3692.5 40.209 11.28 15.72 1412

260 0.05993 1.5155 0,0010 _68_.9 _003.3 _1.362 11.06 15.4[ 1453

300 0.06392 1.6065 0.0758 2907.5 4313.7 _2.923 10.88 15.26 1881

350 0.07351 1.8164 O,ObkZ 3_50.1 5067.3 44.7_6 10.63 14.92 1_97

400 0.08303 2.0248 0.0558 3982.0 5808.8 46.728 10.52 14.76 1686

450 0.09292 2.2323 0.0494 4508.8 65_.2 48.k_1 10.48 14.68 1769

500 0,10197 2,4392 C,0443 5039.1 7277.k 50.005 10.46 14.6_ 18_8

550 0.1[LkO 2.(457 0.0402 5557.9 8008,7 51.399 10.46 14,62 1923

600 0.12082 2.6520 0.0368 6081.9 87_0,0 52,670 10.47 14.62 1996

700 0.13963 3,26_1 0.0315 7131.3 10203.1 5_.927 10,51 14.65 21_3

800 0+1504[ 3.6759 0.0275 8186.9 11672.0 56.887 10.60 [k.73 2260

500 0.17716 4,_876 0.024_ 9252ok 13150.5 58.627 10.72 14,85 2379

1000 0.19595 4.4993 0.0220 10331.3 14642.1 60.Z01 [0.88 [5.00 Z491

1200 0,233_6 5.3227 0.0183 125_3.7 17679.9 62.9S7 11.26 [S.38 2697

lk00 0.27096 6.1463 0.0157 1_837.7 20798._ 65.365 11.69 15.81 2883

1600 0.300_6 6.9702 0.0137 17217.0 24003.1 67.902 12.10 [6.22 3057

1800 0.3_596 7.7941 0,0122 19681.5 Z7_92.6 65.381 12.49 16.61 3ZZO

ZOO0 0.38347 8.618_ 0.0110 22232.9 30669.2 71.226 12.89 L7,02 3373

2500 0.47759 10.6788 0.0088 29040.7 39547.7 77.530 14.37 18.57 3715

3000 0.57401 1Z.7398 0.0073 36999.6 49627.8 84.567 17.60 _2.15 _8|3
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2Z,O0 HPA IS08AR

]EMPERATURE OENS[TY V{DH/DV)
P

DEG. K KG/CU M KJ/KC

• 19.835 8b,1915 1237.7

20 86.1126 12_0.C

21 85,6298 1252.5

2Z 85.1375 1263.2

Z3 8_,6359 IZ7Z._

ZW 84.1251 1280,1

2S 83.6094 1286,5

26 83.0769 1291.9

ZT 82.5398 1296.7

28 81.9943 1300.9

29 81.4407 130_.3

30 80.8T91 1306,6

31 80.3017 1307.3

32 79,7230 I310,3

33 79.1391 1312.1

34 78.5491 13/2.2

35 77.9518 1314.1

36 77.3507 131_.?

31 76.7426 131_,0

38 76.1310 13/1,4

39 75.5108 1310.6

40 74.8894 131_.3

42 73,6316 1308.6

44 ?2.3632 13C6.5

46 71.0898 1310.2

48 69,8029 1312.7

50 68.5179 131_,3

5Z 67.Z339 1316.7

54 65.9530 1319.6

56 64.6783 1322.5

58 63.4126 1324.9

60 62.1550 1329.5

65 59.0971 1350.3

70 56.1677 1382.7

75 53.3927 1427.6

80 50.7897 1486.Z

85 48.3638 1555.0

90 46.1163 1636.5

95 44.0399 1727.2

100 42.1248 1825.7

120 35.$380 2281.6

140 31.1839 2727.Z

160 27.6265 3130.0

180 24.8290 3476.2

200 2Z.5752 3775.1

Z20 Z0.7183 40_5.6

240 19.159Z 4301.9

260 17.8323 4556.1

Z80 16,6066 4811.8

300 15.6457 5059.5

350 13.6037 5740.3

400 1Z.0431 6449,1

450 10.8089 7176.2

SO0 9.8070 79C6.7

550 8.9768 8643.0

600 8.2769 9383,8

700 7.1619 10885.3

800 6.3126 I2426.0

900 5.6430 1k017.4

1000 5,1034 15667.2

1200 4.283_ 19143.4

1400 3.6905 22846.9

1600 3.2419 26693.0

1_00 2,8905 30652.5

2800 2.6078 34813.3

2500 2.0930 _7Z37,8

3000 1.7421 67097.7

• TWO-PHASE 80UNOARY

THERMODYNAMIC PROPERTIES OF PARAHY_ROGEN

V(DPIDU} *V(OPIDV) -(3V/DT)/V THERMAL VISCOSITY THERHAt 9TELECTRIC POANDTL

V T P CONDUCTIVITY OIFFUSIVITY CONSTANT N_MBEP

MPA-CO HIKJ MPA tlD[G. K WIK-_ KG/H-S _ M/H_

X 10 _ X 1J _ X 10 T

0.23646 200.3367 0.00553 135.33 38q.82 0.000_ 1.2BW12 1.9701

0.23571 199,_935 0.00555 136.]_ 3_.1/ 3.OCEB_ 1.2830_ 1.0336

0.231_1 1_._029 3.00569 141._6 3_E,91 a.0308_ 1.28211 1.7h39

0.227_5 189,3277 ].0058_ I_6.47 316.97 ).COC8_ 1.28036 1.5959

0.22380 184.2761 0=0059_ 150.31 291.0_ 0.00084 1.27857 1._770

0.ZZ039 179.2570 ].00613 153._7 270.&2 3.0008q 1.27675 1.3826

0,21719 17W,2797 0.00627 156,07 252.43 0.0008_ 1.77_ 1.30_5

0,2141W 169.3539 3.00641 158.10 23E,71 0.000@3 1._7301 1._40S

0.21115 164.4893 0.00656 159,71 223,02 0.00083 1.27110 1.1875

0.20822 159.6962 0.00670 160.95 211.00 3.0000_ 1.2691T 1.1437

0._05_3 154.9848 _.00685 161,_7 200.3_ 0.00080 1.26720 1.1057

0.20282 150.3656 0.0069g 162.51 1qD.9_ 0.0007_ 1.26521 1.073_

0.20073 1_5.8000 3.00716 162.27 102._1 3.0007_ 1.26317 1.0515

0,19798 141._923 0.007_9 161._8 I7_.79 0.0007 _ 1.26112 1.0_08

0.19533 137.2131 0.00742 161,]_ 167.92 0.00075 1.29906 1.0131

0.19275 132.8393 0.00756 160.?3 161.68 0.0007_ 1.256_7 0.9981

0.19018 128.8886 0.00768 160.01 155.98 0.00073 1.25k87 0.9843

0.18769 124.921_ 0,00781 159.20 150.76 0.0007? 1.25275 0.9728

0.18527 120.9139 0°00795 158.]% 1_5._6 0.0007] 1.25061 0.9633

0.18300 116.8606 0.00810 157.37 141.53 0.00070 I._48_6 0.9556

0,18088 113.2708 0.00823 156.36 137._1 0.00069 1.?_629 0.9475

0.17882 109.9089 0,00_34 155.31 133.59 O.O006m 1.244LI 0.9400

0.17_63 103.3082 0.00857 153.08 1?6.68 0.00067 1.23970 0.9284

0.17031 97.0078 0.00881 150.78 120.62 0.00065 1.2352_ 0.9203

0.16518 91.3284 0.00901 148._6 115.24 3.0006_ 1.23083 0.9162

0.16049 86.0786 0,00920 146.1_ 110.43 O.O006Z 1.22637 0,9120

0.15598 81.1197 0.00938 1_3.09 106.10 0.00061 1.72191 0.9090

0,15163 76.6029 0.0095_ 141.70 102.18 0.00060 1.217_7 0.9060

0.147_1 72.4282 0.0096_ 139.60 98.62 0.00060 1.21305 0.9032

0.1_336 68.5652 0.00962 137.58 95.38 0.0005_ 1.20566 0.9004

0.13950 64.9510 0.00994 135.68 92.41 3.0005_ 1.20431 0.8973

0,13569 61.7071 0.01304 13_,07 89.70 0.00058 1.20002 0.8928

0.12630 54.9559 0.01016 131.10 03.90 0,0005_ 1.18957 0.8779

0.11713 49.6016 0.01017 120.72 79.30 0.0005_ 1.1796_ 0.8665

0.10831 49.3741 0.01009 126.95 ?_.67 0.00059 1.17027 0.8585

0.09996 42.1081 0.00990 125.83 72.86 0.00061 1.1615_ 0.8522

0.09219 39.4447 0.00967 127.32 70.72 0.0006_ 1.153_3 0.0353

0.08516 37.3989 0.00937 129.07 69.13 0.00066 1.1_596 0.8218

0.07888 35.7_Z1 0.00906 131.11 68.00 0.00069 1.13909 0.8114

0.07335 34.3878 0.00873 131.27 66.46 0.00070 1.13277 0.0071

0.05737 30.9735 0.00?47 1_8.80 70.45 0.00088 1.11222 0.8072

0,04943 29.0286 0.00640 160.50 72.33 0.00105 1.09716 0.7960

0.0496_ 27.8988 0.00567 167.82 73.70 3.00123 1.08575 0.7796

0.04397 27.1517 0.00503 172.19 75.12 0.001_ 1.0768_ 0.7623

0.043kS 26.6016 0.00451 17_.95 76.73 0.00_6_ 1.069_0 0.7k67

0,04345 26.1833 0.00409 177.09 78.51 0.0018E t. C638u 0.7333

0.04362 25,8330 0.0037_ 179.29 80.46 0.00_09 1.0589_ 0.722?

0.04379 25.546_ 0.003k5 181._6 82.53 0.0023_ 1.05_75 0.7132

0.04389 25.2890 0.00320 18_.93 04.71 0.00259 1.0511_ 0.7059

0.0_456 25.2355 0.00302 188._6 86.97 3.0078_ 1.04795 0.70_3

0.04444 24.7099 0.00260 199.09 92,86 0.0035] 1.0_160 0.6960

0.04406 24.3855 0.00229 211.27 98.97 0.00_28 1.03676 0.6913

0.04359 24.1293 0.00205 22_.32 105.18 0.00509 1.03295 0.6885

0.04319 23.9216 0.00189 237.61 111.43 0.00596 1.02986 0.6866

0.04281 23.7498 0.00169 251.10 117.69 0.00689 1.02731 0.6854

0.0_2_6 23.6056 0.00156 264.66 173.92 3.00787 1.02516 0.6846

0.0_180 23.377I 0.00135 291.99 136.23 0.01002 1.02175 0.6836

0.04112 23.2044 0.00119 319.71 148.32 0.01738 1.01915 0.6833

0.04039 23.0696 0.00106 3_7.9_ 160.15 0.01_95 1.01711 0,6834

0.03961 22.9615 0.00096 440.56 171.72 _.07072 1.015_6 0.58_7

0.03799 22.7992 0.00080 511.13 19_,15 0.0?79_ 1.01297 0.58W1

0.03639 22.6834 0.00069 583.32 215,68 0.03599 1.01116 0.50k5

0.03500 22.$966 0.00061 655._2 736.4k 0.0k_6 1,00980 0.5853

0*03382 22*5290 0,0005_ 727.4_ 256.52 _.05_5_ 1.00_7. 0.5857

0.03260 22.47_3 0.000_9 802.64 276,00 0.06510 1.0078_ 0.585]

0*02921 22,3597 0*00039 10_9,23 3_2.58 3.09713 1.00632 0.5710

0.02389 22.19_5 0.00033 1551.11 367._2 0.1_70 1.00526 0.52_ _

[
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2_o00 MPA ISOBAR

THERMODYNAMIC PRORFRTIES OF RARAHYDROGEN

TEMPERATURE ¥OLUNE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

DEG, K CU H/KG CU N-NPA/KG MPA/K KJIKG-K KJ/KG KJ/KG-K KJ # KG°K M/S

" Z0.300 0._1152 ?._124 1.120 -285.9 -9._ 5,435 5,48 6.88 1T41

21 O.CtlS& 2.3807 1.120 -282,0 -;.5 5.671 5.57 7.05 1736

22 0.01163 2.335_ 1.119 -276.4 2.6 6.004 5,69 7.29 1?Z9

23 0.01169 2.2899 1.117 -270.6 10.0 6.333 5,81 7.52 1722

Z_ 0.01176 Z.?_45 1.113 -264.6 1T,? 6,658 5,91 7,74 1715

25 0.0118] 2.1991 1,109 -258.; 25,5 6.979 6.01 1,96 1707

26 0.01190 ?.1539 1.103 -252.0 33.6 7.295 6,10 8,18 1708

2? 0,01197 ?.1009 1.096 -?kS.5 41.9 7.608 6,18 8.39 1692

28 0.01205 Z,0643 1.089 -238.8 50.4 7.917 6.26 8.60 1683

29 0.01213 2.C2G2 1.080 -232.0 S�oI 8,222 6.3; 8,80 1675

30 0.01Z21 1.9767 1,071 -225.0 EB.O 8,524 6.41 9.00 1666

31 0.01229 1.9338 1.061 -217.q 77.1 8,822 6.47 9.20 1658

32 0.01237 1.8918 1.051 -210.6 86.4 9.117 6.53 9.39 1649

33 0.01246 1.8526 1.042 °203.1 95.9 9.411 6.59 9.59 1642

3_ 0.01255 1.8136 1.029 -195.6 105.6 9.700 6.64 9.76 1633

35 0.0126_ 1.774_ 1.016 -187.9 115,; 9.986 6.69 9.94 1624

36 0.01273 1.7350 1.00Z -180.1 lZS.S 10.268 6,73 lg.11 1614

37 0.01283 1.(987 0.9882 -172.2 135.7 10.547 6.77 10.27 1605

38 0.01292 1.6620 0.97W0 -164.2 146.0 10,8Z3 6,81 10,43 1596

39 0.01302 1.62k0 0.9S96 -156.0 156.5 11.096 6.8; 1|,55 1586

40 0.01312 1.5846 0,9q51 -147.8 167.2 11,366 6.86 10.74 1575

42 0.01333 1.5207 0.9154 -131,1 188.9 11.897 6,91 11,8Z 1858

44 0,01355 1,_602 0.8853 -114.0 211o2 12.416 6.55 _1.Z9 154@

46 0.01378 1.4025 0.8548 -97.1 233.6 12,512 7.03 11,58 15Z0

48 0.01401 1.3475 0.8245 -79.3 2ST.O 13.411 7.09 11.85 1880

50 0.01426 1.2986 0.79;6 "61,2 281,0 13.900 7.15 12.09 1_82

52 0.01_51 1.2533 0.7653 042.9 305.4 14.379 7,20 12.32 1_64

S; 0.01_77 1.2109 0.7367 -24.3 330.3 1_.848 7.25 12.54 1_47

56 0.01504 1,1701 0.7089 -5.Z 355,8 15,312 7,30 lZ.?k 1429

58 0,01532 1.1345 0.6820 13.7 381o5 15,763 7,34 IZ,g2 1_13

60 0.01561 1.1015 0,6558 32.9 401,5 16.203 ?.38 13.09 1398

65 0.01636 1,_31k 0,5943 81,3 473.9 17.267 ?.52 13.48 1359

70 0.01715 0.9?87 0.5398 130.6 542.Z 16.Z?9 7,71 13.84 13Z5

75 0°01798 0.9401 0.4919 180.8 612.3 19.Z45 7.96 14.28 1295

80 0.01884 0.9126 0,4;99 232.1 684.1 Z0.173 8*26 14.55 1268

85 0,01972 0.8956 0.4130 284.k _57,7 21.065 8.60 14,89 1Z66

90 0,02063 0,8860 0.3806 338.0 833.0 Z[,g_6 8.97 15.23 1227

95 0.02155 0.8823 0.3522 392.8 910.0 22.759 9.36 15.56 1211

100 0.0Z2_8 0.8836 0.3273 449,1 988.7 Z3.SES 9.76 15.88 1199

1_0 0.02626 0.9203 0,2531 689.9 1320.1 26,584 11.25 17.05 1179

140 0.03005 0.9814 0.2057 946.7 1667o9 29.Z63 12.23 17.68 1191

160 0.03382 1.0549 0.1732 1211.4 2023.2 31.635 12,58 17,79 1221

180 0.03756 1.1359 0,1494 1475.0 2376,5 33.716 12,53 17.52 1Z60

200 0.04125 1.2194 0.1313 1732.4 2722.3 35.538 12.26 17.07 1383

220 0.04;89 1.3032 0.1171 I981.3 3058,6 37.141 11,92 16,59 13_6

240 0.0;8;9 1.3873 0.1057 2221.8 3385.6 38.564 11_60 &6.14 1389
260 0,05206 1.4706 0.0963 2454.9 3704.2 39,839 11,32 15.76 1431

280 0.05559 1.5537 G.0885 2681,8 4015.9 k0,594 11.09 15.45 1671

300 0,05925 1.6440 0.0828 6903,8 4325.9 42.05; 10.89 15,29 1519

350 0,06806 1.8531 0.0701 34;7.3 5080.6 44.380 10,6; 1_.94 1613

_00 0.076?9 2.0610 0.0609 3979.9 5822.9 46,36_ 10,53 lk.77 1701

450 0.08549 2.2681 0.0539 4507.2 6558.9 _8.099 10.49 14.69 1783

500 0.09419 Z,47_6 0.0483 503Z.9 7292.6 49.644 10.47 lk.65 1861

550 0.10280 2.6808 0.0438 5557.0 8024.2 51,039 10.46 lk,63 1936

600 0.11143 2.8067 0.0401 6081.3 8755.? 52.310 10.47 1_.63 2008

TO0 0,12868 3,2983 0.0343 7131.1 10219.3 54.567 10.5Z 14.66 2144

800 0.14589 3.?096 0.0300 8186,5 11688,4 56.5Z8 10.60 14.73 Z270

900 0.16310 ;.1209 0.0206 9252,6 13167.0 58,268 10.7Z 14.85 2389

1000 0°18030 ;.5323 0.02;0 10331.6 14658.8 59.842 10.88 15.00 2500

1200 0.21468 5.3553 0.0200 12544,3 17696.7 62.598 11.26 15.38 ZPOS

1400 0.24906 6.1785 0.0171 1;830._ 20815.8 65.006 11.69 IS.81 Z890

1600 0.28343 7.0020 0.0150 17217.7 24020.0 67.123 12.10 16.22 3063

1800 0.31780 _.8257 0.0133 19682.2 27309.S 69.022 12.49 16.61 3Z26

?000 0.35219 8.6;% 0o0120 22233.2 30685.? ?0,866 12,89 1?.02 3379

2500 0,W3845 10.7098 0.0096 29033,? 39556.5 77.167 1;.34 18.54 $721

3000 0.5Z673 12.7705 0.0080 36951.3 49592.8 84.189 17o46 21.99 ;009

TMD-P_ASE 80UNOARY
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,I

2W.00 HPA ISOBAR

TEMPERATURE DENSITY V(OH/DV)
P

DEC. K KGIGU M KJ/KG

20.300 86.8172 1285.9

Z1 86.48Y9 IZgS.b

22 86.0150 1307.8

23 85.5314 1318.2

Z4 85,0394 1327.3

25 84,5393 133_.9

26 84,0311 1341.6

27 83.5151 13_7.6

Z8 8Z.9915 1352.9

29 8Z.4604 1357.4

30 81,9220 1360,7

31 81,3766 1363.9

32 00.8245 1366,7

33 80.25_7 1368,7

3_ 79.&883 1371.6

35 79.1188 1373.7

36 78.5450 1374.6

37 77.9637 1376.6

38 77.3810 1377.2

39 76.7910 1375.8

_0 76.2003 1372.7

kZ 75.0009 1373.2

_k 73,79Z9 1374.3

_6 72.5767 1379.Z

_8 71.3536 1362.0

50 70.1302 1386.1

5Z 68.9070 1390.3

5_ 67,6870 13_k,6

$6 66,_728 1398,0

58 65.Z660 1_02.7

60 6_,0694 1_C8,$

65 61.1381 1429.0

70 50.3171 1463.3

75 55.6308 1509.2

80 53.0883 1566.9

85 50.7035 1637.5

90 48._772 1718.6

95 46.4056 1808.9

100 _._809 lg07,3

120 38,0809 2361,2

1_0 33.27_5 Z806.4

160 29.Y650 32C3.1

180 Z6,6240 35_6.3

ZOO Z_.2_38 384_,2

ZZO Z2,27B9 4112.8

240 20.6220 _369,3

260 19.210_ k623,5

280 17.9895 4801.2

300 16.8763 512C.8

350 1_.6938 5800,9

qO0 13.0222 6509,5

450 11.6977 7236,7

§00 10*6210 7967.2

550 9.7276 8703.5

600 8.9739 94_4.3

700 7.7715 10945.9

800 6.85_2 12_86.7

900 6.1311 14078,5

1000 5.5_63 15728.8

1200 _,6580 19206,1

1_00 _.0151 22910.9

1600 3.5282 26758.1

1800 3.1466 30717.k

2000 2.039_ 3487_,1

2500 2.2808 47220.8

3000 1.8985 66713,6

TWO-PHASE BOUNOARY

THERMODYNAMIC PROPERTIES OF PARAHYOROCEN

V DP/OU_ -V(DPlDV_ -(OV/DT_/_ THERMAL VISCOSIT
CONDUCTIVITY

MPA-CU MIKJ MPA IIOEG, K W/K-M KGIM_S
X 102 _ 103 X 10 _

0.23558 209._39_ 0,00535 1_0.60 _02.08

0.23260 205.9105 0.0054_ 1_k.52 37_.57

0.2Z862 200.8776 0,00997 1_9,33 3_1.16

0.22_97 195,8609 0.00970 153.35 313.28

0.22156 lg0.8687 0,00583 196,68 289.13

0.21837 185.9097 0.00596 159,43 269.6_

0.2L532 180.9929 0.00603 161,61 Z52.34

0.21235 176,1274 O.O06ZZ 163.3_ 237.31

0,20944 171.3226 0.00635 164,70 224.16

0.20668 166,5879 0.006_9 165,7Z 212.57

0.Z0411 161,9329 0,00662 166,47 202.29

0.20153 157,367Z 0.00674 166,34 193.11

0.19900 152.9007 D.006_7 166.02 18k.88

0.19700 148.6770 0,00701 165.51 177,35

0.194_7 1_4.5215 0.00712 164.95 170.61

0.19199 1_0.4044 0.00723 164.29 164.49

0.18957 136,2770 0.00735 163.5_ 158.91

0.18717 132._359 0.00746 162.70 153.77

0.18490 128.6050 0.00757 161.81 1N9,05

0.18280 124.7123 0.00769 160.85 1_.67

0.1807e 1Z0.7_7_ 0.00783 159.85 140.62

0,17671 114,0513 0.00803 157,69 133.31

0.17_51 107.75_7 0,00822 155.45 126.92

0.167_7 101.7880 0.008_0 153.18 121.26

0.16287 96.1_75 0.00858 150.92 116.22

0.158_5 91.0690 0.00873 1_8.69 111.70

0.15420 86.3606 0.00886 146,53 107,61

0.15008 81.9636 0.00099 lkk. 4k 103.90

0,1_612 77.7819 0.00911 lkZ.k4 100,52

0.1_240 74.0437 0.00921 1_0.54 97._3

0,13866 70.57_9 0.00929 138o93 9_,60

0.12926 63,0573 0.009k3 135.96 88._2

0.1200_ 57.0761 0.00946 133.52 83.62

0.11113 52.3013 0.009_1 131,66 79,71

0.10266 _8.k_Tq 0.00929 130._2 76,60

0.09477 45._103 0.00910 131.04 74,19

0.08756 _2.9526 0.00886 133.51 72.33

0.08111 k0,9421 0.00860 135o_3 70,95

0,075kl 39.3019 0.00833 13_.57 68,8k

0.05885 35,0_63 0,00722 152.83 72,66

0.05056 32.6598 0,00630 163.99 7_,23

0.0_656 31,1880 0,00555 170,7_ 75.30

0,0_479 30.2_20 0.0049_ 17_,65 76,46

0,0_16 29.5624 0.004_ 177.05 77.86

0.0_08 29.0318 0.00403 178.94 79._8

0.0_19 28.6092 0,00369 180.95 81.31

0,04429 28.2515 0.003W1 183.38 83.30

0.04433 27.9499 0.00316 186,35 85.42

0.045C6 27,7448 0,00299 189,82 87,63

0,04487 27,2296 0.00258 200.38 93.46

0,04443 26.8391 0.00227 212,56 99.56

0,04392 26.5315 0,00203 225,67 109.80

0,043_7 26.2827 0.00184 239,06 112.09

0.0_306 26,0774 0.00168 252,66 118._0

0.04269 25.9051 0.00155 266,35 124.68

0.04199 21,632_ 0,0013_ 293,98 137.1_

0.04128 25._266 0.00118 322,01 1_9.37

0.04053 25.2661 0.00105 390.57 161.3_

0.03974 25.1375 0,00095 440,56 173,07

0.03009 2;.9k47 0.00080 511.13 195.79

0,03647 24,807Z 0.00069 583,32 217,61

0,03507 24,7043 0,00061 655.41 238.69

0.03388 24.6243 0.00054 727.37 259.01

0,03274 24.9597 0,000_ 802,36 278.76

0,02931 24,4266 0.00039 10_5.86 325.90

0,02411 24,2_50 0.00033 1533.71 371.37

C- Z

y THERMAL OIELECTRIC PRANDTL

DIFFUSIVITY CONSTANT NUNeER

SO N/MR

0.00085 1,28616 1,9669

0.00085 1,28519 1.8271

0.00006 1,283_9 1.6649

0.00086 1.28176 1.5359

0.00086 1.28001 1.4318

0,0008_ 1.27822 1.3_61

0.00085 1.276_1 1.2766

0.00084 1.27_57 1.2187

_.00083 1.27271 1.1702

0,00082 1.27082 1.1291

0.00081 1.26891 1.0938

0.00080 1.26698 1.0679

0.00079 1.26_02 1.0_60

0.00077 1.26300 1.0275

0.00076 1.26100 1.0100

0,00071 1.25899 0.9950

0.00074 1.25696 0.982k

0.00073 1.25491 0.9708

0.00072 1.25286 0.9608

0.00071 1.2_078 0.9521

0.00070 [.24871 0,9452

0.00069 1.24_0 0.9310

0.00067 1.2_02_ 0,9218

0.00066 1.23602 0,9169

0.0006_ 1.23176 0,9127

0.00063 1.227S0 o,g08s

0.00062 1.22328 0.9049

0.00061 1*21904 0,9018

0.00061 1.21_84 0.8992

0.00060 1.21060 0.8997

0.00060 1.20657 0,8912

0.00059 1.19653 0.8774

0.00060 1.18692 0.8667

0.00060 1.17782 0.059_

0.00061 1.16925 0.6547

0.00063 1.16125 0.8380

0.00065 1.15381 0.8252

0.00068 1.14692 0.8153

0.00069 1.1405_ 0,806_

0.00009 1,11952 0,8106

0.00100 1.10392 0.8003

0,00117 1*09196 0.7849

0.00135 1,08259 0*7670

0*00154 1.07_98 0.7507

0.00174 t.06876 0*7368

0.00196 1.063_3 0.7252

O.OOZIB 1,05910 0.7150

0.00241 1.05527 0.7080

0.00265 1.05174 0.7097

0.00329 1.0_98 0.6968

0.00390 1,03979 0.6418

0,00473 1.03_69 0.6888

0,00553 1.03237 0.6869

0,00639 1o02962 0.6856

0.00731 1.02730 0.6847

0.00929 1.02361 0.6837

0.011_0 1.02081 0.6833

0,01386 1.01860 0,6834

0,01906 1.01681 0.5893

0,0_569 1.01_11 0,5840

0.03308 1,01215 0.5890

0.04122 1.01067 0,5908

0.05010 1,00951 0.5915

0.05978 1.00858 G,5912

0.00905 1.00&89 0.5778

0.13225 1.00573 0.5325
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C: 2

26._8 MPA ISOBAR

THERMOJYNAMIC PROPERTIES O_ PARAHYDROGEN

TENPERATURE #OLUML ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVL DERIVATIVE FNEPhY OF SOUND

OEG. K CO M/K@ CO M-MFA/_G MPA/K KJIKG-K KJ/KG KJ/KG-K KJ I KJ-K MIS

• 20.75_ 0.011_ 2.4989 1.133 -283.2 tW.Z $.467 5.52 6.92 1769

21 0.011_5 2._852 1.133 -281,9 15.9 5.5_8 5.55 6.97 1768

22 0.01151 2,G_39 1.133 -276.G ZJ.O 5.878 5,68 7.21 1762

Z3 0.01158 2.39q4 1.[31 -270.7 3a.3 6.20_ 5.79 7.k3 1T55

2_ 0.01164 2._5_9 1.128 -26_.8 37.9 6.525 5.90 7.65 17_8

25 O.JllIi 2.31CW 1.12W -25_,7 4_,b 6.841 5.99 7.8F iF_1

2b 0.01177 2.26(0 1.119 -252,5 53.6 7.154 6.09 8.08 173_

2? 0.011_4 2.221_ 1.113 -2_6.1 61.8 7.463 6.17 8.28 1727

28 0.01191 _.1778 1.10b -239.6 70,2 ?.7o8 6.26 8._9 1719

29 0._1199 2,1342 1.098 -232.9 ?_.7 8.069 6.3_ 8.69 1711

30 0.01206 2.0911 1.090 -226.1 8r.5 8,367 6._0 8.88 1703

31 0.01_14 2,0_85 1.080 -219.1 9o*_ 8.6_2 6._? 9.07 1695

32 0.01222 2.CC66 1.071 -212.0 105.X 8.953 6.53 9.26 1687

33 0,01230 1.96_5 1.0bO -204.7 115.0 9.2_0 6.5_ 9.64 1678

34 0,01238 1.°252 1.049 -197.3 12_.6 9.525 6.64 9.62 1670

35 0.01247 1.8904 t.039 -189.8 13_.4 9.809 6.69 9.80 166h

36 0.01259 1.8533 1.026 -182.2 1_.2 10.0_7 6.7_ 9,96 1655

37 0.0126_ 1._160 1.013 -17_._ 15_._ 10.363 6.78 10.12 16_7

38 0.01273 1.7744 0.9998 -166.5 164.5 10.634 6.8_ 10._8 1638

3_ 0.01282 1.7_ 0.9858 -158.6 174.6 10.904 6.85 10.42 1629

_ 0.01292 1.10_3 0.9718 -150.5 185.3 11.169 6,87 10._6 1621

_2 0.01311 1.E348 0.9_33 -134.2 206.7 11.691 6.92 10.85 1601

4_ 0.01331 1.5?_0 0.91_1 -117.5 228.7 12.202 6.97 11.11 150_

_6 0._1352 1.5171 0.88_8 -100.9 250.7 12.690 7.06 11._0 1_65

_8 0.0137_ 1._625 0.8553 -83.5 2T3.7 13.180 7.12 11.65 15_7

50 0.01396 1,4113 0.8261 -65.8 Z97.3 13.661 7,18 11.09 1529

52 0.014_0 1*36_5 0,7972 -_7,8 321.3 1_,112 7.ZI 12.1_ 1911

56 0.0164_ 1.3197 0.T692 -29.6 3_5._ 16.596 7._8 1Z.33 1_9_

56 0.01468 1.2797 0.7419 "10.9 370.9 15,051 7.33 12.S2 1_F8

58 0.01V9_ 1.1422 0.7153 7.8 396.1 15.493 7.37 12.18 1;63

60 0.01520 1.2[?? 0.6895 26.6 _21.? 15,927 7.42 12,87 16_8

65 0,01588 1.1337 0.6285 ?4.3 487.0 16.913 1.56 13.27 lhll

70 0,01659 1.07_1 0.5733 122.9 553.3 17.9?0 7.75 13.65 13#5

75 0.01r3_ 1.0313 0.5243 112,5 623.4 18.924 8,00 14.01 13_q

80 0.01812 0.9976 0.4811 223.3 69_.9 19,860 8.29 lk.39 1316

85 0.01892 0.9759 0.4_32 275.8 F6F.3 20,FZ_ 8,63 1_.76 1291

90 0.01975 0.9611 0._096 328.6 842.0 21.518 9.01 15.12 1271

95 0.02058 0.9548 0.3798 383._ 918.5 22._05 9._ 15._8 1_56

100 0.02143 0.952_ 0,3535 _39,6 996.8 23,208 9.79 15.82 12_0

120 0.02_88 0.9781 0.27_ 680.8 1327.? Z6.221 11.32 17.0_ lZ13

1_0 0.02836 1.0328 0.2233 938.3 1675.6 28.901 12.26 lT.69 1221

160 0.03183 1.1016 0.1881 1203.6 2031.1 31.27_ 12.61 17.81 lZ_7

180 0.03527 1.179_ 0,1623 1468.1 2385.0 33.360 12.56 17.56 118_

200 0.03867 1.2608 0.1426 1726.2 2T31o8 35.186 12.29 17.12 1315

220 0.04204 1.3439 0,1271 19T6.0 3069.0 36.793 11.95 16.63 1367

240 0.04536 1.426_ 0,11_7 2_11.3 3396,7 38.219 11,63 16.18 1_09

260 0.0_866 1.5096 0.10_5 2451.1 3716.2 39.698 11.35 1_.80 1_90

180 0.05191 1.5918 0.0959 2678.8 _018.6 _0,656 11.12 19.k9 1689

300 0.05531 1.6819 0,0898 2900.3 _33_._ 41.716 10.91 15,31 1537

350 0.063_ 1.8902 0.0760 3_;k.6 5094.1 _6,0_3 10.65 1_.96 16Z9

_00 0,07151 2.097_ 0.0660 3977,9 5837.1 46.029 18,54 1_.78 1716

_50 0.0795_ _.3040 0.0584 _505.? 6571.? _7.765 10.49 1_,70 179F

500 0.08T56 2.5101 0.0523 5031.8 7307.8 49.311 10,67 16,66 117_

550 0.09952 2,7159 0,0k75 5556.2 8039.8 50.?07 10,47 1_.6_ 19_8

600 0.10349 2.9215 0,0635 6060.T 8TTt.S 51.979 10.68 lk.63 2020

700 0,119h1 3.332; 0.0372 ?130.9 10Z35.4 56.236 10.52 lh.66 215§

800 0.13530 3.7_33 0.0325 8187.0 1170_.8 56.197 10.60 1_.73 2200

900 0.15118 _.15_2 0.0289 9252.9 13183.6 57.937 10.73 1_.8_ 2398

1000 0.16706 4,5652 0.0260 10332,0 1_675.5 59.51Z 10,88 15.00 _519

1200 0.19879 5.3876 0.0216 125k_.9 17713,_ 62.266 11.26 15.38 2?13

1600 0°23052 6.2104 0.0189 14839.1 20832.7 66.676 11,69 15.01 2898

1600 O.Z6ZZ5 7.0335 0.0162 17218.5 2_037.0 66.792 12.11 16.ZZ 3070

1800 0.29397 ?.8169 0.0144 19683.0 273_6,3 68.692 12._9 16.61 3132

2_00 0.325?1 _.6806 0.0130 21233.7 30702.2 70.536 12.89 17.01 3385

2500 0.k0_32 10.7_03 0.010_ 29027.8 39566.2 76.83_ 1_.31 18.51 37Z6

3000 0.48673 12.e0C8 0,0087 36909,0 49563.9 83.842 17.3_ Z1.85 _015

* TWO-PHaSE BOUNDAR_
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26.00 HPA IS00AR

I_ERMODYkAMIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE OENSITY V(OH/OV_ V(DP/OU_ -V(OP/DV_. -(OVIOT_/V TMERMAL
CONCUCTI_ITY

OEG, K KGICU M KJ/KG HPA-CU MIKJ MPA IIDEG. K WIK-H

x 102 k 103

" 20.756 87.kZ23 1333.3 0.23q01 21_._609 0.0051) IW5,73

21 87.3115 1336.9 0,23377 217,2_6 0.00522 1_7.3q

ZZ 86.8520 1350.5 0.22978 212.2562 0.00536 152.10

23 86.3845 1362.3 0,ZZ612 207.2732 0.005_6 156,30

26 05.9092 1372.7 0.22269 202.3095 0.0055q 159.79

ZS 85,626_ 1381.6 0.219_9 197.3713 0.00570 162.69

26 06.936Z 1389.5 0.216_ 192._h70 0.00581 16_.99

27 B4,_309 139E,6 0,213k7 IB7,605_ 0,0059] 166,85

20 83.g3w5 1603.1 0.21057 182.7946 0.00605 168.31

29 03._234 1_0_.7 0.20782 178.04_0 0.00617 169._h

30 82.9055 1_13.C 0,20527 173.3623 0,0062_ 170,28

31 02.301Z 1_17.1 0.20272 168,7583 0.006_0 170._2

32 81.0507 1_20,7 0,20023 16_.2410 0.00052 169.97

33 61.31h2 I623.7 0.19786 159.0192 0.00663 169,56

3_ 80.7719 1_26,2 0.19555 155.5019 3.00675 169.07

35 00,2107 1630.0 0.19358 151.6293 0,00685 168.41

36 79.6580 1433.1 0.19121 lk7.6268 0.00695 167.70

37 79,1022 1435.3 0.18889 163.6535 0,00205 166.91

38 78.5_36 1436.8 6.18610 139.7629 0,_0?15 166.06

39 F?.�FT9 I637.9 0.18662 136.0262 0.00725 165,13

60 77,4132 1438.1 0.18262 132,3252 0.00?3_ 16_.10

6Z 76.2690 143_.7 0.17862 124,6851 0.00?sT 162.09

66 75.1110 1637.6 0.12651 118.2239 0.002T_ 159.90

66 73.9673 14k5.0 0.16957 112.1823 0.00289 157.67

68 72,7792 1650.3 0.16503 106._622 0.0000_ 155._6

50 71.6093 1655.1 0.16068 101.06k9 0,00812 153.25

5Z 70.6365 1459.3 0.15648 95.9713 0.00831 151.09

56 69.2688 1465._ 0.152_ 91o6121 0.008WI 169.02

56 68.1060 1671.k 0.1_857 87.1538 0.00851 I_F. OZ

58 66.9501 1_26.9 0.1_k92 83,1667 0.00060 1G5.1_

60 65.8029 1683.6 0.1k126 79._700 0.00868 lk3.51

65 62.9668 1507.k 0.1_200 71.6067 0.00880 tkO.Sk

20 60.2661 15_1.0 0.12273 66.7326 0.00806 138.06

75 57,6618 1589.0 0.11371 59._679 0.00582 136,11

80 55.1836 16_6.5 0.10514 55.0509 0.00]74 134.78

85 52.8431 1217.6 0.09213 51,5670 0.00859 136.15

90 50.6637 1799.2 0.08980 48.7231 0,00_41 137._;

95 68.5853 1890.2 0.08320 46.3870 0.00819 139.57

100 46.6621 1968.3 0.0?737 _4.&301 0,00796 139.74

120 40.1885 2_1.5 0.06030 39.3070 0.006_ 156.80

160 35,2629 2885.5 0.05166 36.6196 0.0061_ 167.h7

160 31._218 3278.5 0.062h7 34,6155 0.00563 173.71

180 28.3535 3617.8 0.04558 33.4409 0.00485 127.16

200 25.8571 3913.C 0,04487 32.6018 0.00_37 179,21

220 23,?883 6181.6 0.06_71 31.9687 0.00398 180.84

260 ZZ.0662 6636.4 0.06_75 31.6_49 0.00365 182.65

Z60 20.5527 4691.8 0.0_679 31.02T3 0.00337 18_.95

Z00 19.262_ 6969.6 0.06k77 30.6617 0.00313 18?.dl

300 18.0791 5182.? 0,06556 30.60?7 0.00295 191.21

350 15.762_ 5862.0 0.04529 29.7942 0.00Z55 201.67

400 13.90_1 6570.Z 0.04479 Z9.3312 0.00ZZ5 213,86

650 12.5726 ?Z97.3 0,0662_ 20,9676 0.00201 ZZ?.02

500 Xl.kZ35 0027.8 0.043?6 ZS.67_0 0.00183 Z_0.50

550 10.6608 8764.1 0.0_332 _6.4319 0.00162 25_.21

600 9.6626 9506.9 0.06292 28.2290 0.0015_ 268.06

700 8.3?6? 11006.5 0.04218 27.9082 0.00133 295.95

800 7.3910 12547.5 0,041_5 27.6665 0.00117 32_,30

900 6.61k5 16139.5 0.0_068 22.4781 0,00105 353.20

1000 5.9860 15290.2 0.03986 2T.32T3 0.00095 _k0.56

1Z00 5.0303 192E0.5 0,03019 Z7.1013 0.00080 511,13

1600 6.3380 2292_.? 0.03655 26.9_0_ 0.0036_ 583,32

1600 3.0132 26823.0 0.0351k 26.8201 0.00060 655._0

1800 3,4012 30782.Z 0.0339_ 26,7266 0.0005_ 727.31

2000 3.0?02 34935.3 0.03280 26.6512 0.0004_ 802,12

2500 Z.4672 67213°? 0.029_1 26.4983 0.00039 10_Z.09

3000 2._565 66383.1 0.02630 26.2996 0.00033 1518.35

TNO-Pd&SE BOUNDARY

C Z

VISCOSITY THERMAL OIELFCTRIC PRANDTL

OT;FUSIVITY CONSTANT NUMBER

KG/H-5 SQ M/H_

X 107

ktk,39 0.000B7 1,2885_ 1,9666

60_.17 0.00087 1.28813 1.916W

366.9_ 0.00087 1.28649 1.7390

335.97 0,0008_ 1.2848t 1.5982

30191 0.00087 1.28311 1.48_6

287.75 0.000_7 1.2813_ 1.3917

Z68,TZ 0.0008? 1.2796_ 1.3156

252.26 0.00086 1.27786 1.25_W

237.85 0.00085 1.27602 1.1_96

Z25._1 0.0088_ 1.27_2_ 1.15_8

214.02 0.00083 1._72_0 1.116Z

20_,06 0,00082 1,2705_ 1.0876

195.1_ 0.0008L 1.26866 1.0633

187,11 0.0007q 1.26675 1.0622

179,05 0.00078 1.26_83 1.0238

173,15 0.00077 1.26285 1.0077

167.14 _,00076 1.2608_ 0.9930

161.65 0.00075 1.255_3 0,9804

15_.61 0.0002_ 1.25696 0.9693

151.94 0.0007_ 1.25496 0.958_

167.6_ 3,00072 1._5297 0.9_8

139.91 _.00073 1,_895 0.9369

133.16 0.00069 1.24W89 0.9_56

127.21 0.00067 1.2_001 0.9195

121.92 0.00066 1,23673 0.91_0

117.19 0.00065 1.23265 0.9096

112.92 0.0006_ 1o22857 0.9060

109.0_ 0.00063 1o22451 0,902_

105.53 0.000_2 1._20_9 0.8990

102.32 0.00061 1.216k9 0,8955

99.37 0.00061 1.21253 0,8912

93,00 0.00061 1.20_06 0.8780

87.0_ 0°00060 1.19355 0.0684

83.67 0.00061 1.18670 0.8612

80.31 0.00061 1.17631 0.65?6

77,63 3.00063 1,168k2 0.8417

75.53 0.00065 1.16105 0.829_

73.92 0.00067 1.15_17 0.8197

71.16 0.00068 1.1_727 0.8057

?_.85 0.0008_ 1.126_1 0.8136

26.15 0.0009? 1.11035 0.00_3

76.92 0.00112 1.09793 0,7809

77.83 0°00128 1.08808 0.7713

?9.02 0.00166 1.06011 0._547

80.49 0.00165 1°0735_ 0.7401

82.20 0.0018k 1.06802 0.7282

8k.09 0.00205 1.06332 0,2183

86.19 0.00227 1.05926 0.7102

88.30 0.00269 1,05555 0.7071

9_.07 0°00308 1.0_831 0.6977

100.16 0.003_Z 1.042_8 0.692_

106.61 0.00_k2 1.03840 0,6692

112,75 0.0051_ 1.03_85 0.6871

119,10 0.00597 1,03190 0,685?

125,65 0.00683 t,029_2 0,6847

130.03 0.00868 1.025k6 0.6837

150._1 0,01022 1,022_5 0.6833

162.54 0.01295 1.02002 0.6833

17_.41 0°01766 t. Ql&15 0.5939

197,43 3,09329 1,01524 0.5960

Z19.56 0.0306Z 1.01313 0.5951

260.89 0,0381h 1,01154 0.5963

261,52 0.0_63_ 1,01029 0.59?2

_81.55 _.0552_ 1,00928 0.59?2

3Z9,_2 0.08_23 1.00245 0.5B_5

375,39 0.12126 1,00620 0,5_02

t
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C-2

20.00 MPA ISOBAR

THERMODYNAMIC PROPERTIES O_ PARAMYOROGEN

TEMPERATURE VOLUME ISOTHERM ISOCNORE INTERNAL ENTHALPY ENTROPY CV GP VELOCITY

DERIVATIVE OERIVATIVE ENERGY OF SOUND

OEG, K CU MIKG CU H-MFAIKG HPAIK KJIKG-K KJIKG KJIKG-K KJ I KG-K HiS

+ 21.205 0.01136 Z.58_0 1.1_6 -280.5 37.7 5._99 5.56 6.95 1797

22 0.011kl 2,5_95 1,1Wb -2Tb. Z _3,3 5.756 5.66 7.14 1753

23 0.011W7 Z.50_1 1.1_5 -270.6 50.5 6.080 5.78 1.36 1?87

24 0.01153 Z,4625 1.1_2 -Z&4.8 58.0 6.398 5.88 7,57 1780

25 0.01159 Z._185 1.139 -258.9 65.7 6.712 5.98 7.78 1774

26 0.0116b Z.3P53 1.134 -252.0 73.6 7.021 6.08 T.99 1767

27 0.01112 2,3318 1.129 -246.5 01.6 7.326 6.17 8.19 1?60

20 0.011?9 2.2884 1.122 -Z_0.1 89.9 7.628 6.25 8.39 1753

29 0,01106 Z._454 1,115 -233.6 98.4 ?.926 6.33 8.59 1745

30 0,01193 2,2027 1,107 -226.9 107,1 8,220 6,40 6,77 1738

31 0,01200 2,1604 1,098 -_Z0.0 116,0 0,511 6,4? 0,96 1?30

32 0.01207 2.1188 1.089 -213.1 125.0 8.796 6.53 9.1_ 1722

33 0.01215 2.C777 1.079 -205.9 13_.3 9.082 6.59 9.32 1714

34 0,01223 Z,0374 1,069 -150,7 1_3,? 9,363 6,_5 5,50 1706

35 0,01231 1,9979 1.058 -151,3 153,3 5,641 6,70 9,67 1698

36 0.01235 1.959_ 1.0_? -183.9 163.0 9.916 6.7_ 9.8_ 1690

3? O*01Z_T 1,5290 1,036 -176.2 173.0 10,150 6.79 9,99 1605

36 0,01256 1,8935 1,023 -168,5 103,1 10,459 6,8] 10,14 1677

39 0.01264 1.8580 1.010 -160.? 193.3 10.72_ 6.86 10.28 1669

40 0,0L2?3 1,8243 0,9969 -152.8 203,6 10,906 6,89 10,42 1661

kZ 0,01291 1,7570 0,9693 -130,8 224,T 11,500 6,94 10,60 1645

44 0,01310 1,6857 0,9413 -120,4 246.k 12,003 6,99 10,96 1626

46 0,01329 1,6273 0,9127 -10;,2 268,0 1_,404 7,00 11,24 1608

48 0.01350 1.5737 0.08kl -8?.1 290,8 12,968 7.1k 11.49 1591

50 0.01370 1.5221 0.8556 -69.? 314.0 13.442 7.20 11.72 1574

52 0*01392 1.4731 0.8273 o52.1 337.6 13.906 ?.26 11.94 1556

54 0.01414 1,4282 0,7996 -34,2 361, r 14,360 ?,3_ 12,15 1540

56 0,01437 1,3062 0,7726 -15,0 306,5 14,811 7,36 12,34 1524

50 0,01460 1,3465 0,?463 Z,6 _11,_ 15,24? 7,40 12,52 1509

60 0,0148k 1,3108 0,7209 21,1 _36,6 15,67_ 7,_5 12,69 1494

65 0,01546 1,23_q 0,6606 60,1 501,0 16, T06 7,59 13,09 1450

?0 0,01612 1,1720 0,6050 116,1 567.4 1?,690 7,75 13,47 1424

75 0,01680 1,1230 0,5553 165,2 635.? 10,632 8,03 13,05 1391

80 0.01751 1.0848 0.5112 215.6 ?05.5 19.538 8.33 14.2k 1362

05 0,01824 1,0576 0,_721 267,2 7?8,0 20,413 0,67 14,63 1336

90 0,01900 1.0395 0.4374 320.3 852.2 21.260 5.04 15.02 1314

95 0,01976 1,0284 0,4065 3?4,5 928,2 22,082 5,43 15,39 1295

10| 0,02054 1,0229 0,3?90 431,0 1006,1 22,881 9,03 15,75 1280

120 0,02371 1._378 0,2955 672,3 1336,3 25,888 11,36 17,03 1246

140 0*02692 1.u_66 0.2407 930,4 1684,1 28,567 12,28 17,69 1251

160 0,03012 1,1497 0,2027 1196,3 2039,8 30,942 12.64 17,83 1274

180 0,03331 1.2234 0.1751 1461,5 2394,3 33,030 12.50 17,59 1306

200 0,03641 1,3033 0,1539 1720,4 2741,6 34,859 12,32 17,15 1347

220 0,03960 1,3851 0,137Z 1970,9 3079,6 36,471 11,98 16,67 1360

248 0,04269 1,4673 0,1237 ZZ13,0 3408,2 37,901 11,66 16,22 1429

260 0,04574 1,5489 0,1127 2447.6 3728,4 39,102 11,30 15,6_ 1466

280 0,0_8?T 1,_308 0,1034 2676,0 4041,6 40,3k3 11,15 15,52 1506

300 0,05193 1,7203 0,0968 2896.9 4351,1 41,399 10,92 15,33 155_

350 0,05949 1,9276 0,0815 3442,1 5107,7 43,731 10,66 14,97 1645

400 0.06690 2.1341 0.0711 3976.0 $051.5 45.719 10.55 14,80 1730

450 0,0?444 Z,3401 0,0629 _504,3 6568,6 47,45? 10,50 lk,71 1011

500 0,08187 Z,5457 0,0564 5030,8 ?3Z3,1 49,003 10.48 14.66 1887

550 0*00928 2.7511 0.0511 5555.5 8055._ 50.399 10._0 14.64 1961

600 0,09668 2,9563 0,0466 6080,3 870r,4 51,672 10,48 14,63 2032

700 0.11146 3.3666 0.0400 7130.8 10251.6 53.930 10.53 14.66 2165

800 0*12622 3.7769 0.0350 8187.1 11721.2 55.891 10.61 1_.73 2290

900 0.14096 4.1873 0.0311 9253.2 13200.2 57.631 10.73 14,65 240?

1000 0,155?0 4.5980 0.0279 10332.5 14692.2 59.206 10.88 15.00 2518

1200 0.18517 5.4197 0.0233 12545.6 17730.3 61.562 11.26 15.38 2720

1400 0.21463 6.2420 0.0200 1_839.9 208_9.6 64,370 11.69 15.61 2905

1600 0,24409 T,0648 0,0175 17219,4 24053,9 66.487 12,11 16,22 3077

1800 0,27354 7,8879 0,0155 19603,9 27343,1 68,386 12,49 16,61 3236

2000 0.30301 _.7112 0.01_0 2223_.4 30718.7 70.230 12.09 17.01 3391

2500 0,37692 10,77C5 0,0112 29022,8 395?6,7 76,525 14,29 18.k8 3?32

3000 0.45245 1_.8306 0.0093 36871.4 49540.0 63.522 17.23 21.12 k021

TNO-P_iASE BOUNDARY

n

r
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28.00 NPA ISOBAR

TEMPERATURE DENSITY V(OHIOV|
P

OEG. K KGICU M KJIKG

• 21.20_ 08,0083 1379.0

22 87.6531 1391.6

23 87.1909 1404.0

24 86.7396 1416.4

25 86.2722 1426.6

26 85.7981 1435.7

27 85.3174 1444.0

28 04.8302 1451.7

29 84.3360 1458.3

30 83.8372 1463.6

31 63.3317 1468.7

32 82.8205 1473,Z

33 82.303? lk76.9

3_ 81,7815 1480.Z

35 81.25_3 1483.2

36 00.TZZZ 1485.8

37 00.1708 1491.4

38 ?9,6309 1494.2

39 79.0888 1495.7

40 ?8.5454 1497.4

42 77.4471 1499.6

_4 76,3388 1498.3

46 75.2198 1507.2

48 7_.0969 1514.9

50 ?2.9?30 1521.6

52 71.8491 1527,?

5_ 70.7270 1534.5

56 69,6092 104102

58 68.4956 1547.0

60 67.3919 1554.9

65 64,6769 1581.7

?0 62.04?2 1616.6

75 59.5Z03 1666.B

80 57.1053 1725.9

85 54.8122 1796.9

90 5Z.64k4 1879.1

95 50.6046 1970.?

100 _8.6892 2070.0

lZ0 42.1725 Z522.B

140 37.1500 2967,2

160 33.1965 3355.3

100 30.0170 3689.0

200 27.k181 3983.0

220 25.2544 4250.6

240 23._260 _506.1

260 21.6607 4759.9

280 20.5035 5018.8

300 19.2549 5245,1

350 16.8102 5923.3

400 14.9294 6631.2

450 13.4340 7358.2

500 12.21;7 8088.6

550 11.Z005 8824.9

600 10.3_31 9565,6

700 8.9719 11067.2

800 7.92Z9 12608.2

900 ?.0941 14200.4

1000 6.4225 19851.5

1200 5.4005 19330.9

1400 406592 23038.3

1600 4.0969 26887.6

1800 3.6557 30046.0

2000 3.3002 34996,8

2500 2.6531 47Z14,6

3000 2.2102 66096,2

• TWO-PHASE BOUNDARY

THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN

V(DP/DU) -V(DPIDV)
V T

MPA-CU _/KJ MPA
x 10-

0.23412 227,4110

0.23094 223.4755

0.22725 218.5311

0.22379 213.5974

0.22058 208.6821

0.21752 203.7934

0,21494 198,9393

0,21164 194.1260

0.20889 189.3677

0.20634 164.6668

0.20381 180.0335

0.20134 175.4760

0.19899 171.0027

0.19671 166.6217

0.19_h9 162.3412

0.19232 158.1692

0.19040 154.6531

0.18825 150.7823

0.18626 146.9473

0.18434 143.2904

0.18039 136.0715

0.17637 12806814

0.17147 122.4022

0.16702 116.6041

0.16273 111.0704

0.15859 105.8386

0.15457 101.0133

0.15074 96.49_8

0.14715 97.2294

0.14357 88.3401

0.13449 79.8351

0.12520 , 72.7208

0.11613 66.8417

0.10743 61.9491

0.09932 57.9683

0.09166 54.7214

0.08516 92.0429

0,07920 49.8064

0.06170 43.7660

0.052?5 40.3686

0.04836 3801655

0.04636 36.7232

0.0_556 35.7338

0.04533 34.9799

0.0_531 3403716

0004529 33.8600

0.04521 33.4365

0.04604 33,1238

0.04570 32.4031

0.04515 31.8614

0.04459 31.4371

O.OkW04 31.0949

0,04357 30.8132

0,04315 30.5772

0004237 3002045

0.04161 29.9238

0.04082 29.7053

0.03998 29.$305

0.03828 29.2688

0.03663 29.0827

0.03521 28.9436

0.03400 28.835?

0.03285 28.7488

0.02950 28.9?46

0.024_8 2603582

C-2

-(DVIDT)/V THERMAL VISCOSIIY THERMAL DIELFCTRIC PRANDTL

P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

I/OEG. K WIK-H KGIH-S SQ M/HR

x 103 x 107

0.0050_ 110.73 426.76 0.00089 1.29063 t.9688

0.00513 154.79 394.45 0.00CBg 1.28936 1.8186

0.0052_ 159.16 360.09 0.00089 1,28773 1.6649

0.00535 162.81 331.Z? 0.00089 1.28608 1.5413

0.00946 165.85 306.83 _.00009 1.28441 1.4402

0.00556 168.Z_ 285.92 0.00088 1.28272 1.357_

0.00567 170.25 267.85 3.00088 1.28100 1.2687

0.00578 171.82 252.13 3.00087 1.27926 1.2313

0.00580 173.0_ 238.34 0.00086 1.27750 1.182_

0.00599 173.97 226.17 0.00085 1.27572 1.1406

0,00610 173.98 215.36 0.000B_ 1.27392 1.1091

0.00621 173,79 205.70 0.0008_ 1.Z7210 1.0823

Q.00631 173.4_ 197.03 0.00081 1.27027 1.0591

0.00642 172.99 189.21 0.00080 1.26841 1.0388

0.00652 172.43 182.11 _.O00?g 1.2665_ 1.0212

0.00662 171,77 175.65 0000078 1.26466 1.0059

0.00670 170.95 169.63 0.00077 1.26270 0.9916

0.00679 170.13 164.23 0.00076 1.26080 0.9790

0.00687 169.24 159.27 0.00075 1.25888 0.96?6

0.00696 168.32 154.69 0.00074 1.25696 0.9574

0.00712 166.26 146.49 0.0007? 1.25309 0.9411

0.00731 164.15 139.37 3.000?2 1,249_9 0.9306

0.00746 161.95 133.10 O.O006q 1.24527 0.9236

0.00758 159.75 127.55 0.0006_ 1.2h133 0.9171

0.00??0 157.57 122.99 0.00066 1.237_0 0.9119

0.00782 155.44 118.14 _000065 1.2334_ 0.90?6

0.0079_ 153.37 114.11 0.00064 1.22958 0.9037

0.00801 151.38 110.44 0.00063 1.22569 0.9003

0.00809 149.47 107.09 _.00063 1.22183 0.8969

0.00616 147.06 104.02 _.00062 1.21802 0.6926

0.00827 144.87 g7.38 0.00062 1.20866 0.8797

0.00832 142.35 91.97 0.00061 1.19964 0.8701

0.00831 140.34 87.56 0.00061 1.19101 0.8640

0.00825 138.92 83.96 0.00061 1.18281 0.0607

0.00814 140.26 81.05 0.00063 1.17506 00845?

0,00?99 141.79 76.?3 0.00065 1.16776 0.8340

0o00781 143.95 76,89 0.00066 1.16092 0.8246

0.00761 143,00 73.44 0,0006T 1.15452 0.8044

0.00675 160.69 77.00 0000061 1.13293 0.8163

0,00596 170.94 78.06 0.0009_ 1.11648 0.00?9

0,00532 176.69 78.56 0.00107 1010365 0.7930

0.004?? 179.71 79.22 0.00123 1.09341 0.7755

0.00_31 161._Z 80.21 0.00139 1.08509 0.7584

0.00392 182.78 81.52 0°00156 1.07819 0.7434

0.00360 164.39 83,10 0000175 1.07239 0.7310

0.00333 106.54 64.91 0.00194 1.06744 0.7208

0.00309 109.30 86.68 0.0021_ 1.06316 0.7124

0000292 192.62 89.00 0.00235 1.05924 0.7085

0.00253 202.98 94.69 0.00290 1.05158 0.6986

0.00Z23 215.16 100.76 0.00351 1.04572 0.6929

0.00200 229.37 107.03 0.00416 1.0410? 0.6896

0,00181 241.93 113,40 0000486 1.03729 0.60?3

0.00166 255.?5 119.81 0.00561 1.03_16 0.6658

0.00153 269.71 126.21 0.006_1 1.03152 0.6646

0.00132 297.91 138.93 0.00815 1.02730 0.683?

0000117 326058 191.45 0001007 1.02408 0.6833

0.00105 355.8Z 163.72 0.01216 1.02154 0.6833

0.00095 440°56 I?S.?S 0.01646 1.01949 005985

0.00050 511.13 199,08 0.02216 1.01637 0.5990

0.00069 583.32 221051 0.02851 1.01kll 0,6004

0.00060 655.39 243.14 0.03550 1.01240 0.6019

0.0005_ 727.26 264.06 0.04312 1.01106 0.6030

0000049 801,90 284.37 0.05142 1.00998 0.6032

0,00039 1040.24 332.q0 0.0?640 1.00802 0.5913

0,00033 1504.66 379,48 0.11282 1,00668 0,54?9
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30.00 MP_ ISOBAR

THERH0)YN_H[C PROPERTEES OF PARAHYOROGEN

TEMPERATURE VOLUME I$OIHLRM ISOCHORE INTERNAL ENTMALP_ ENTROPY CV CP VELOCITY

DERIV_IIVE ]EPIVaTIVE ENERGY OF SOUNO

DEG, K CU HIKb CU M-MPAIKO MPAIK KJIKG°K KJIKG KJ/KG-K KJ / KG-K 4/5

21.645 0,0112_ _,_177 1,159 -277,7 61,0 5.529 5o60 6,99 1826

Z_ 0.01131 t.6527 1,159 -275.8 63.5 5.64; 5.65 7.07 18Z3

23 0.01137 _.E102 1.158 -270.3 ?0.? 5.963 5.76 7.29 1817

2_ G._II4E 2.S_75 1.156 -264.7 79.0 6.278 5,87 T._0 1811

25 6._114_ 3.52_7 1,1 _ ] -258.9 85.7 6.588 5.97 7.71 1805

2_ 0.01154 Z._19 1.1_ -252.9 93.5 6,895 6.07 7.91 1799

27 O,_llbl 2._391 1,1_ -2_6.? 101.5 1.197 6.16 8.11 1792

2a 8.01161 2.39_h 1.1_9 -2;0.; IO_.T T._95 6.2; 3.30 1785

_9 0.0117_ 2.]599 1.131 -23_.0 119.1 7.790 6.32 8.h9 1778

30 0.011_0 2.3117 1.12_ -22?.; 126.7 8,081 6.39 8.68 1771

31 0.0118_ 2.2099 1.115 -220.7 135.; 8.368 6.66 0.86 176_

32 0.01194 2,2285 1.107 -213.9 1_6,; 8.652 6,53 9,0k 1T56

33 0.01201 2,1_76 1.097 -2c6.9 168.5 8.933 6.59 9.Z1 1769

3_ 0.01209 Z.1_73 _.0_ -199.8 162.8 9.211 6.65 9.38 17_1

35 0.01216 2,1079 !,O?7 -192.6 172.3 9._8_ 6.70 9.55 1733

3b O.Oi_2; 2.069t 1.067 -185.2 181,9 9.757 6.75 9.71 1726

31 0.01732 7.0313 1.056 -177.8 191.7 10.0Z5 6.79 9.87 1718

38 0.01_43 1._944 1o0_ -170,2 201.6 10,290 6.83 10.03 1T10

39 0.01248 1.968; 1.033 -162.5 211.8 10.555 6,87 10.16 1706

_0 0.01256 1.932_ 1.020 -15;.8 ZZZ. 1 10.81; 6.90 10.Z9 1699

qZ 0.01273 1.8695 0.9939 -139.0 2;Z.9 11.322 6.95 10,5_ 161_

_ 0.01_91 L,80_8 0.9667 -122.9 26;.Z 11.819 7.01 10.80 1668

_6 0.01309 1.7369 0.9392 -107.0 285.6 12.293 7.09 11.10 1668

;8 0.01328 1.6806 0.9112 -90.Z 308.0 12.7T0 7.16 11.3_ 1631

50 0.013W7 1.6300 0.883, -73.1 331.0 13.238 7.23 11.57 1615

52 0.01367 1.5811 0.8557 -55.8 95;.3 13.696 T.29 11.79 1559

54 0.0138/ 1.63_0 0.8289 -38.1 378.1 16.1k5 7.36 11.99 1583

_6 0.01;08 1._913 0.8017 -20.0 _02.5 16.589 7.39 1Z.10 1567

58 0.01;30 1.;50T 0.7756 -Z.O 627.1 15.020 7._3 12.35 15_3

b0 0.01_52 1.;139 0.750; 16.3 451.9 15.6_1 7._8 1Z,52 1_38

65 0.01510 1.3324 0.6905 62.1 515.6 16.;60 7.63 1Z.93 I_03

70 0.01570 1.269_ 0.6352 110.1 581.Z 17.633 ?.82 13.31 1670

75 0.01633 1.71;0 0.58;8 158.8 6k8.7 18.366 8.07 13.71 1_36

80 0.01698 1o]7_; 0.5399 208.? 718.Z 19.261 6.3T 16.10 1606

85 0.01166 1.1611 0,;998 260.0 789.7 20.1Z8 8.71 1_.51 1379

90 0.01835 1.1182 0._642 312.8 863.3 20.969 9.08 16.92 1355

95 0.01905 1.1033 0._323 367.2 938.8 21.786 9.;7 15.31 1336

10O 0.01971 L.09;5 0.;038 _23.2 1016.; 22.581 9.86 15.68 1319

120 0.0227U 1,6997 0.316_ 66;.6 1365.7 25.580 11.39 17.01 1282

1;0 0.02568 1.1_25 0.2580 923.0 1693.; 28.258 12.31 17.69 1261

160 0.02865 1.2008 0,2176 1189.5 2069.2 30.633 12.66 17.86 1301

180 0.03162 1.2699 0.1879 t655.3 2603°9 32.723 12.61 17,62 1332

200 0.03W57 1,3;71 0.1652 171;.9 2752.0 36.556 12.35 17,19 1369

220 0.037_9 I,_270 0.1_72 1966.1 3090.7 36,171 12.01 16,71 16@9

2_0 O.O_Q3T 1.5078 0.1327 2208.9 3_20.0 37.60k 11.69 16.Z6 1_8

260 0.06322 1.5886 0.1208 2k;_.2 37;0.9 38.888 11.;1 15,87 1687

280 0.06605 1.6701 0.1109 2673,3 _05_.8 k0.052 11.19 15,56 1526

300 0.0W901 1,7690 0.1038 2893,? 6363°9 61.106 10,9_ 15.36 1_71

350 0.05606 1.9653 0.0878 3639.7 5121.5 _3.6k1 10.67 1_.99 1661

600 0,06306 2.1710 0.0762 397;.2 5865.9 ;5.W30 10.56 1_.81 17_5

_50 0.0T002 2.376; 0.0673 9503.0 6803.5 67.169 10,51 16.72 182k

500 0.07695 2.6819 0,0609 5029.8 7338._ ;8.716 10.69 16o67 1908

550 0.08387 2.7863 0.05;8 5556.9 3_71,0 50,113 10.k8 1_.65 1973

600 0.09018 2.9911 0.0501 6079.9 8803.3 51.386 10,69 lk.6k 20k3

700 0,10;57 3,;007 0.0629 7130.7 10267.9 53.665 10.53 16.66 2176

800 0.1183_ 3.810_ 0.0315 8187.3 11737.6 55.606 10.61 16.76 2300

900 0.13210 W.2204 0,0333 9253.6 13216.8 " 57.3_1 10.73 1_.85 2617

1000 0.1_586 6.E3C6 0.0299 10333.1 16T08.8 58.921 10.89 15.00 2526

1200 0.17336 5.;516 0.02_9 12566.3 17767.1 61.678 11,26 15.38 2720

1;00 0.20065 6.273_ 0.021; tkBkO,8 Z0866.; 6_.086 11.70 15.81 29i2

1600 0,2283; 7.E957 0.0187 17220.6 2_070.T 66.Z02 12.11 16.22 3083

1800 0.25583 7.9185 0.0166 1966_.9 27359.9 68.101 12.k9 L6.61 3Z_5

2000 0.2833; 8.7k15 0,0150 22235,1 30735.2 69.9_6 12.89 17.01 3396

2500 0.35231 10.8003 0.0120 29018.; 39587.? 76.238 1;.27 18.k5 3737

3000 0.;2276 12.8600 0.0100 36837,9 69520._ 83.226 17,13 21.61 _027

TWO-P_&SE BOUNOARV
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d

30.00 MPA ISOBAR

TEMP(RATURE OENSITY V(OH/OV_

D(G. K KG/CU M KJ/KG

Z1,6_5 88.S567 1;25.6

ZZ 88._ZZO l_31.Z

25 87.9818 1;_5.?

2; 87.53_8 1;58.6

Z5 87.081; 1;70._

26 86.6217 1480.3

27 86.1559 1;89.8

28 85.68;1 1;98.6

29 85.Z066 1506.3

30 84.?23; 1512.6

31 8;.Z3_7 1518.7

32 83.?;07 1524.1

33 83.2;16 1528.?

3; 8Z.73_5 1S3Z.0

35 8Z.Z286 1536.;

36 81.7153 1539.7

37 81.1976 15;Z.6

38 80,6760 15_5.0

39 80.13;? 1551,3

40 79,6102 1552.7

;Z 78.5503 1558,5

kk 77,_833 1562.5

_6 76.;083 1567.9

_8 75,3Z61 1576,0

50 74.Z;19 1585.1

5Z 73.1587 1593.2

5; 72.077_ 1600.5

56 70.999? 1608.6

$8 69,92?; 1615.7

60 68.8615 1624.7

65 66.Z36; 1652.6

70 63,6869 1693.8

15 61.2321 17;2.2

80 58.876S 1805,3

85 56.6333 1876.1

90 54.5085 1958.5

95 5Z.;837 Z050.6

100 50.5805 2150.6

lZ0 4;.0;_1 2605.9

140 38.94;3 3050.7

160 3;.8991 3;36.6

180 31.62;2 3764,;

200 28.9ZT3 q05_,6

220 26,6772 _319.7

260 24,7T12 ;57;.1

Z60 Z3.1356 qSZS,2

280 21.7153 5088.1

300 20.;0_6 5307.8

$S0 17.8377 5984,9

;OO 15.8585 6692.4

;50 1;.2821 7419.2

$00 12,99_8 81_9.5

550 11.9229 8885.7

608 11.0157 96Z6.4

100 9,5629 11127.9

800 8,4501 12669.0

gO0 7,5698 1;261,3

1008 6.8559 15912.7

IZ00 5.7684 19393,_

1_00 ;.9T88 23101.6

1600 ;.379_ 26952.0

1800 3.9088 30911.Z

2000 3.529_ 35058.6

2500 2,838_ _7222.1

3000 2.3655 658_5.4

O TWO-PdAS[ 80UNOIRY

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN C-Z

V(OPIOU_r -VCOPlOV_ -(DVID/_IV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

MPA-CU _IKJ MPA lfDEG. K WIK-H KGIM-S SQ M/HR
X 10 _ X 103 X 10 7

0.23351 236.2981 0.00490 155.60 _39.19 0.00090 1.79267 1.9730

0,23210 234.556; 0.00;99 157.;1 _23.85 0,00091 1,29212 1,9038

0.22837 229,6496 0.00504 161,95 385.75 0,00091 1,2905_ 1.7363

0.22_89 22;.7_72 0,Q051_ 165.75 353.91 0,00091 1.28893 1.6010

0.22165 219.8570 0._052_ 168.92 326.99 0.00091 1,28731 1.k920

0.21857 21_,9865 0.0053; 171.;8 30;.01 0,00090 1.28566 1,4022

0.21557 210.143_ 0.005_ 173.55 284.22 0.00089 1.28399 1,3276

0.21266 205,3357 0.0055_ 175.23 267.0_ 0°00089 1,28231 1,2653

0.20990 200.5710 0.0056_ 176.5k 257.01 0.00088 1.28060 1.2123

0.20736 195,8572 0.0057_ [??.55 238.78 _.D0087 1,27888 1.1668

0.Z0_8_ 191._021 0,00583 177,62 ZZ?.05 0,00086 1.27714 1.132;

0.2023b 186.6133 0.00593 177.;9 216.60 0,0008; 1.27538 1,1030

0.20003 182.0987 0.00603 177.19 _07.Z; 0,0008_ 1.?7360 1,0775

0.19777 177.6659 0.00612 176.80 198.81 0.0008Z 1.27181 1.0551

0.19557 173.3223 0.00622 176.28 191.18 0.00081 1.?7000 1.0358

0.19342 169,0756 0.00631 175.65 10_.Zk 0.00080 1,26018 1,0189

0.19134 16_.9329 0.006;0 17_.93 177.92 0.00079 1.2663_ 1.0042

0.18937 160.9016 0,006;9 17;.13 172.12 0.00_77 1.26;_9 0.9911

0,18770 157.73;0 0,00655 173,21 166,68 _,000T? 1.26258 0,9775

0.18581 153.8691 0.00663 172.31 161.01 0.00076 1.26072 0.9666

0.18203 1;6.8531 0,00677 170.3_ 153.10 0.0007; 1,25698 0.9;81

0.17806 139.8_30 0,00691 168.ZZ 1_5.57 _.00072 1.25322 0,9346

0.17326 132.7170 0.00?08 166.06 130.97 0.00071 1.249;k 0.9286

0.1688k 126.5935 0.00720 163.88 133,13 0.00069 1.2;56; 0,9Z16

0.16462 121.0169 0.00730 161.71 127.93 0.00068 1.Z;18; 0.915;

0.1605_ 115.6721 0.007_0 159,59 123.Z8 0.00067 1.23805 0.910;

0.15655 110,5687 0,007_9 15_.52 119.07 0.00066 1,23428 0,906;

0.15275 105.8852 0,0075? 155,53 115.25 0.00065 1.23053 0.9025

0.1;919 101.;425 0,00765 153.67 111.77 0o0006k 1.22680 0,8980

0.1;56_ 97.3636 0,00771 152.00 108.57 0.00063 1.22310 0.89;;

0,13667 88,2558 0,00782 1_9.00 101.67 0,00063 1.21;03 0.8822

0.12750 80,8;16 0.00786 1_6._3 96.01 0.00062 1.20525 0.8726

0,11834 7;,3388 0,00787 1;;.37 91.38 0,0006? 1.19685 0.86_5

0.10957 69.1;26 0,00781 1;2.87 87.56 0,0006_ 1.1888Z 0.6639

0,10135 6;.6270 0,00?73 1;k.19 8;.;_ 0.00063 1.181Z1 0,8_97

0.09381 60.943_ 0.00762 1;5,67 81.91 0.00065 1.17;00 0.838?

0.08700 5_.90;5 0.007_7 1;7.37 79.07 0.00066 1.16722 0,829?

0.0809; 55,3620 0.00729 lk7°_5 75,66 000006? 1.16084 0.8032

0.0630; ;8,4344 0.00653 16_.50 79.13 0.00079 1.13910 o,8183

0,05381 k_._929 0.00580 17;.37 79.96 0.00091 1.1223_ 0.8112

0,0;923 ;1,9073 0.00519 179.68 80.Z1 0.0010q 1,10917 0.7965

0,0;712 40.1595 0,00;68 182.28 80.63 0,00110 1.09858 0.7792

0.0;625 38.9666 O.00kZ_ 183.66 81.;2 0.00133 1.06992 0.7620

0.0;595 38.0675 0,00387 184.75 82.57 0.001;9 1,08272 0.7_67

0.0;586 37.3_95 0.00355 186.17 8;.03 0.00166 1,07666 0.7338

0.0_570 36,7534 0,00329 168.17 85.7; 0.0018; 1.071;7 0.7Z3Z

0.0_565 36.2665 0,00306 190.81 87.65 0.00203 1.06658 0.71;5

0.0;652 35.8926 0.00289 19_.05 89.70 0.00223 1.06285 0. T098

0.04611 35.0560 0,00250 20_,30 95.33 0.00275 1.05;79 0.699;

0.0_551 34.4Z95 0.00221 216.;6 101,38 0,00332 1,04861 8,6935

0,0;_86 33.939? 0,00198 2Z9.71 107,66 0.00393 1.0;350 0.6899

0.0_431 33,5_54 0.00180 Z_3.35 11_.06 0.00_60 1,03971 0,6856

0.04381 33,2209 0.00165 257.29 120,51 0.00530 1.03639 8,6860

0.0;337 32o9_94 0°00152 271o36 126.97 _,00606 1.03359 0.6899

0.0_256 32,5208 0.00132 299.86 139,82 0.00770 1,82911 0,6837

0.0;177 32.1964 0*00116 328,85 152.48 0.00951 1.02569 0.6833

0,04095 31.9475 0.0010; 358,;4 16;.91 0,01148 L*OZ3OO 0.6833

0,0_010 31.7_70 0.00094 _k0.56 177.09 0.015_2 1.02081 0,6031

0.03838 31,k470 0,00079 511.13 200.7_ 0.02074 1.01749 0.6040

0.03671 31,2338 0,00068 583,31 223.;8 0,02668 1.01508 0.6057

0,03527 31.07_8 0.00060 655.38 2_5.41 0.03321 1.01326 0.6075

0,03_06 30.951k 0.00_54 727.21 266.63 0.04033 1,01183 0,6089

0.03290 30,8523 0.000;9 801.71 28?.22 0.0;808 1,01067 0.609_

0.02958 30.6557 0.00039 1035,86 336.;_ 0.0713; 1.00858 0,5981

0.02;6; 30.4206 0.00033 1_97.37 303.6_ 0.10510 1.00715 0.5555
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C 2

35,0J HPA ISOBAR

IENPE_AIURE #OLUNL

OEG. K CU N/KG

* 22.715 0,01112

23 0,Cl113

2_ 0.01119

25 0.01124

Zo 0.01129

27 0.01135

28 0.01141

29 0.01147

30 0.01152

31 0,011_-9

3Z 0.Cl165

J3 0,01171

3w 0.CL177

35 0._1184

36 0.01191

37 0*01197

30 0.01Z04

39 0,01211

40 0.01219

_Z a,01213

_4 0,01249

46 0.01265

48 0.01Z81

50 0,01297

52 0,01314

54 0,01332

56 0.01350

58 0.01368

bO 0,01381

65 0,01435

70 0.01486

79 0,01538

80 0.01593

85 0.01649

on 0.01106

0.01765

: 0.01825

1_o 0,02071

140 O.OZ3ZZ

160 0,02574

180 0.028_6

ZGO 0.03427

220 0.03327

240 0.03574

260 0.03819

280 0.04061

300 0.04316

350 0*049Z1

400 0.05521

450 0,06111

500 0.05712

550 0.07305

600 0.01891

700 0.09078

800 0.10Z58

900 0.11438

1000 0.12616

1200 0.14972

1400 0.17328

1600 0.19004

1800 0.22040

2000 0,24397

2500 0.30306

3000 0,36333

O TN3*P_ASE BOUNDARY

ISOIHERM

DERIvtIIVE

CU M-MPA/KG

2 8721

2 @606

Z 82C1

2 7794

2 7385

2 _975

2 _524

Z _15W

2 57_5

Z 5338

2 4q33

2,4531

2.4133

2.3740

2,33_Z

2.2970

2.2595

2.2228

2 • 1869

Z.1179

2.0_95

2._085

1.9548

1.89_0

1.7924

1.7_90

1.7066

1.66_3

1.5755

1.5009

1.4414

1.3558

1.3528

1.3226

1.2957

1.2775

1.25_0

1.2843

1,3330

1.3923

1.4599

1.53_7

1,(i_7

1.7709

1.8575

2.C607

2.2642

2,_77

2- "t_

2. _8

3._rSk

3.486&

3.8940

4.3025

_.7115

5,5305

6.3507

7.1718

7,9936

8.8159

10.8731

12.9311

TMERHOOTNAMIC PROPERTIES OF PARAHYDROGEN

ISOCHORE INTERNAL ENTHALPY ENTROPY GV

OERI@ATIVE ENERGY

MPA/_ KJ/KG-K KJIKG KJIKG-K KJ

1.190 -270.6 118.6 5.603 5,70

1.190 -269.1 120.6 5.691 5.73

1.189 -263.6 127.9 6.000 5,04

1.186 -258.1 135.3 6.304 5.94

1.183 -25E.3 1_3,0 6.503 6.0W

1,179 -246,5 150,8 _.899 6.14

1.174 -2k0.4 158.8 7.191 6.22

1.168 -23_.3 167.0 7.478 6,31

1.161 -227.9 175.4 T.763 6.38

1,154 -221.5 18_.0 8.0;3 6.46

1.147 -214.9 192,7 8.320 6.52

1,138 -208.2 201.6 8,594 6.59

1.130 -201._ 210.7 8.865 6.65

1.121 -194.5 219.9 9.132 6.70

1.111 -187.5 229.3 9.396 6.75

1.101 -180.3 238._ 9.65? 6.81

1.091 -173.1 2_8.5 9.915 6.05

1.080 -165.7 258.3 10.110 6.88

1.069 -158.3 268.2 10.423 6.92

l,O_Z -1_3.2 288.6 10.928 6.98

1.023 -121._ 309.5 11.405 7.04

0.9981 -112.4 330.2 11,066 7.13

0.9725 -96.2 352.0 12.330 7.Zl

0.9_66 -79,7 374.3 12.784 7.28

0.9204 -63,0 397.0 13.229 7,34

0.8941 -46.0 420.2 13.666 7.40

0.8682 -28,4 444.0 14,099 7.46

0.8428 -11.0 467.8 14.518 7,SO

0.8179 6,7 492.0 14.9Z8 7.55

0.7585 51.7 554.0 15.919 7.70

0.7037 90,0 610.0 16.850 7.90

0.6533 145.5 684.0 17.719 6.15

0.6068 194.5 752.0 18.657 8.45

_.5648 245.1 822.1 19,507 0.79

0.5269 297.2 894.4 20.333 9.16

0.4930 351.1 968.8 21.137 9.55

0.4624 406.7 1045.4 21.922 9.94

0*3662 647.7 1372.5 24.901 11.46

0,3004 906.9 1719.5 27.5T4 12.38

0.2538 1174.4 2075.3 29.949 12.73

0.2195 1441.3 2430,4 32.041 12.67

0.1932 1702.3 2179.4 33,679 12.41

0.1722 1955.0 3119.5 35.501 12.08

0.1553 2199.4 3450.4 36,940 11.75

0.1413 2436.3 3773.0 38.231 11,48

0.1296 2667.0 4088,5 39.401 11.25

0,1213 2886.3 _396.8 40.490 10.98

0.1025 3434.2 0156.5 42.791 10.11

0.0889 3970.2 5902.5 --,755 10.58

0.0785 4500,1 66kl. Z _.527 10.53

0.0704 5027.9 _371.1 _8,076 10,51

C*0638 5553,7 8110,4 49*474 10,50

0.0584 6079.2 8843.1 50.747 10.50

0.0499 7131.0 10308.5 53.000 10.54

0,0436 8188.3 11778.7 54.910 10,6Z

0.0388 9255.0 13258.2 56.711 10.7_

0.0349 10334.8 14750.5 58.285 10.90

0,0291 12548.6 17769.0 51,042 11.27

0.0249 148_3,5 20908,4 63.450 11,70

0.0218 17_73.3 24112.7 65,_67 12.11

0.0194 19_87.8 27401.8 67.466 12._9

0.0174 22237,6 30776.4 69*309 12.89

0,0140 29010.1 39617._ 75,597 14.22

0.0116 36768.0 _9484.4 82.559 16.92

CP

/ KG-K

7.08

7.14

7.35

1.54

7.74

7,93

8.11

8.30

8,47

8.64

8.81

8.98

9.14

9.30

9.45

9.61

9.75

9.89

10.02

10.20

10.51

10.78

11.02

11,25

11.47

11.67

i1.85

12.02

12.19

12.59

13.00

13.41

13.01

14.24

14.66

15.10

15.52

16.95

17.58

17,$5

17.65

17.25

16.78

15,34

15.95

15.64

15.40

,03

.03

14.74

14.69

14.66

14.65

14.67

14.74

14.05

15.01

15.38

15.01

16._2

1 ,1

1 _0

lb.40

21.37

VELOCITY

Or SOUNO

N/S

1889

1888

1683

1878

1873

1857

1861

1655

1646

1642

1835

1828

_822

1015

1608

1801

1794

1767

1760

1767

1758

1142

1729

1713

1697

1661

1567

1654

1639

1605

1511

1540

L510

1480

1455

1431

1412

1364

1354

1367

1392

1425

1460

1497

1533

1568

1614

1701

1182

1856

1932

20_3

2072

2202

2325

2439

2547

2747

2929

3099

3259

3410

3T50

4041

r
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3_,00 MPA ISOBAR

THERHOJVNAMIC PPOPERTIES 0 c PAR_HY_R_G_N

TENPERATURE DENSITY V(DH/DvII_ V(DP/DU_ "V(DP/DV) I

DEG. K KG/CU H KJ/KG HPA-CU _/KJ MPA
X IC _

• 22.715 89.928W 1537.2 0.23225 2_B.2651

23 89.8102 1541.8 0.23123 256.91W3

2k 89.3915 1558.0 0,22764 251.09;,1

Z5 80.967W 157Z.5 O.ZZWBO 2w7.2759

Z6 88.5380 1585.7 0.22114 2_2.4608

Z7 88.1035 1598.2 0.11807 237.6079

28 87.6661 1609.9 0.2151G 232.8r_3

29 87.2198 1620.3 0.21229 23_,1169

30 86.7710 1629.2 0.20972 213.3927

31 86,8176 1637.7 0,20716 Z18.7086

3Z 85,8598 X6h5,5 0.20468 21W.0714

33 85,3978 1662.Z 0.20235 209°4879

3h 8h,93L7 1658.3 0,2001C 204.96_7

35 84.4616 1663.9 0.1979[ 200.5084

35 83.98F6 16E8,9 0.19580 l�b.lZS_

37 83o5100 1673.4 0.19376 191.822!

38 83.0289 1677.1 0.19183 187.60_6

39 82.54h5 1679.7 0.19009 183.4789

_0 82.0570 168Z.1 0.18839 1/9.h508

62 81.0737 1687.1 0.18h99 171.7099

46 80.0660 17C2.1 0.1815? 165.6944

_6 79.076w 1715.5 0.17690 158.8177

68 78.0791 1729.1 0.17Z80 15Z.G_22

50 77.0835 1738.0 0.16875 1_6.Z088

52 76.0855 17h7.C 0.16h79 14G.1801

5W 75.0875 1757.0 0.16090 13_.5895

56 7W.0914 1?68.9 0.15718 129.5832

58 73.1007 1779.Z 0,15368 1Z_.75_3

60 72.1159 1789.5 0.15016 120.0965

65 69.6868 1822.7 0.141_8 109.790_

7Q 67,3054 1866.5 0.13228 101.0215

75 65.0001 1923.Z 0.12326 93.6896

80 6Z.7793 19_3.9 0.11_35 87.6305

85 60.6511 2068.8 0.10591 82.0505

90 58.6090 2156.9 0.09813 77o5149

95 56.6637 22_8.7 0.09111 73._173

100 56.8072 23_9._ 0.08_84 70.0140

120 48.Z939 2811.9 0.06614 60.7526

1_0 43.069_ 3256.5 0.05633 55.3153

160 38°8696 3662.1 0.05133 51.7872

180 35.3863 3960.6 0.04896 _9.2697

ZOO 3Z.4953 6236.2 0.06791 47._39_

Z20 30.0560 _94.6 0.047_6 46.1257

Z40 27,9T7_ k747.6 0,0_7Z2 45,1204

260 26.1867 5003.3 0,04699 64.3060

180 26.6114 5161.5 0.06674 h3.60_1

300 23.1706 5_66.0 0.0_768 _3.060_

350 ZO.BZ23 E139.9 0.0_710 41.877_

600 18.1136 68_6.0 0.04636 41.01_3

650 16.3_68 7572.4 0.04561 60.3390

_00 1_.8989 8301.3 0.0_697 39.798_

550 13.6895 9038.2 0.0k4_1 39.356k

600 12.6634 9778.7 0.04390 38.9832

700 11.0151 11279.8 0.0_300 38.39_2

800 9°7480 12820.8 0.04215 37.9689

900 8.7631 1_13.5 0.0_128 37.6175

1000 7.9Z64 16065.5 0.04039 37.3_50

1200 6.6790 1)5_7.9 0.03860 36.9381

lk08 5.7709 23259.3 0.03689 36.6h97

1600 5.0803 Z7111.9 0.035_3 36.43_9

1800 _.537Z 31071.5 0.03k19 36.2687

Z000 6.0989 35213.4 0.03303 36.1356

Z500 3.2996 _?Z63.1 0.0Z976 35.8771

3000 Z.15Z3 653_1.6 0.02500 35.59_4

TWD-PH&SE BOUNDARY

L

-(ov/�r)/v T_ERHAL VISCOSITY rHEPMAL 31_LfCTRIC P_NOTL

}_ C_OUCTI�TTY _F_ISIVTTY :3!JST_NT _,LHBE_

X 10 ¸_' X 10 T

0.03_] !6_.63 _7,54 J.00_q _ 1.2_71! t._371

3.00_B_ 176.29 3_2.62 3.000_ _, 1.2_07 t.63/3

0._0_8_ IT_.t3 353,65 O.O0_q_ 1.791_ 1.577_

0.0051_ I_,40 ZBP,_O 3._C_ > 1.?8fBJ 1._q_Z

0.00_2_ 186._ _8.2 _ 3.000_ 1.78_57 !.1_a?

0.00_3_ _86,]I 2_5,5_ 3.0008_ t.2879_ 1.1_17

_.005_ 186.I_ 2_.72 ].00_7 1.7_t?_ 1.1330

3.0055_ 18_._1 11_,42 J.OOC_" 1.3779_ t.077_

0.00_81 183,51 19P._ _ ].00_8_ 1,271S_ 1.0_18

0,00589 181._I 1_6.01 _._00_i 1.77512 t.006_

0.00_2_ 17_.68 153.61 J.O_7_ L.Z_83 0,9_17

0._0_37 173._ I_6.99 O.OG_X _.75537 0.9331

0,00_7 _>I._0 1_I.1_ ].0307: $.26181 0.92_5

0.006_7 I_9._9 136.92 3.00070 1._483_ 0.9210

0.0066_ _67,11 131,23 3.0006_ 1,74_8_ 0.9160

0.0067_ 185.ZC I76.99 _.0006_ I.?_131 0.9110

3.00681 161.63 119.6_ _.000_ 1.73441 0.9019

0.00691 158.59 117.0_ 3.0006 _ 1.72596 0.8897

0.00697 156,_2 10_.81 0,000_ 1.21777 0,8824

0.00697 153,70 100,6_ J.30C6X 1.20_77 0.8781

0.00o93 152.05 96.33 0.0006_ 1.2071_ 0.67_8

0.0068_ 15_.33 _2.74 _.00064 _.19W_7 0.8614

0.0068_ 15_.73 8_.75 3.OGOE_ 1.18791 0.850_

0.0067_ i$6._2 87.27 3.0006_ 1.18131 0.8_0

0.00660 157.18 81.02 0.00067 1.1750_ 0.7998

0.00603 173.69 84.Z_ Q.0007h 1.15310 0.8_Z6

0.005W3 182.77 84.65 _.0008_ 1.13503 0.8190

0,00490 187.09 84.33 0.00097 1.12105 0.80W5

0.004W6 188.77 8h. ZI 0.00109 1.11075 0.787Z

0.0040? 189.34 84.52 ].O01ZZ 1.10139 0.7700

0.0037_ 189.80 85.28 0.00135 1.09354 0.75_2

0.00_44 190.7! 8_.43 0.00150 1.08688 0.7_05

0.00_19 191.33 87.90 0.00166 1.08116 0.7290

0.00Z97 19_.68 _9.61 0.00182 1.0751_ 0.71_8

O.OOZBZ 197.6_ 91._3 J._olqq 1.0715_ 0.71_i

0.00145 _07._3 q_.9_ ].OD_ _ 1._0259 0.7015

0.00117 ?19.72 102,32 3.0029_ 1.095_ 0.69_9

0.00195 133._ I09.Z_ _.0034_ 1.05013 0.6909

0.00177 246.88 115.69 0.00_0_ 1.0_561 0.688?

0.00161 261.08 12?.35 ].0046_ 1.041_6 0.6864

0.00150 775._6 ;28.8_ 0.0053_ 1.0386_ 0.6851

0.001]0 304.68 147.02 J. O0_7_ 1.0339_ 0.6838

0.00115 33_.48 155.05 0.0083_ 1.02968 0,6833

0.00103 36_.9_ 167.87 3.03012 1.01659 0.6833

0.0009] 6_0.56 180._5 0.0133_ 1.02409 0.61_6

0,0007_ 511.13 _04.90 3.0t7_] 1,0Z027 0.6166

0.0006_ 583.31 228.W4 0.02_02 1.01750 0.6192

0.00063 655,]7 151._( ).028_] 1.01_39 0.6_17

0.0005] 727.11 _73.1_ 3.03k7_ 1.01_74 0.6238

0.00048 801.30 _9_.50 0.0_I_ 1.01240 0.6249

_.00039 1032.83 3_5.52 _.0612 c 1.0099_ 0.b15_

0.0003_ 1_66._6 394.37 ].0897_ 1.00833 0.5?48

t
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C-2

WO.OO NPA ISOBAR

THERMOOYNAMIC PROPER[[ES OF RARAHYOROGEN

TEMPERATURE VOLUME I$OTMERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCIT¥

DERIVATIVE 0ERIVATIVE ENERGY OF SOUNO

DEG. K Cu M/KG CU M-MPA/KG NPAIK KJ/KG-K KJ/KG KJIKG-K KJ I KG-K MIS

• ?3.746 0.0109T 3.0705 1.ZZO -263.2 175.4 5.67Z 5.78 7.16 1951

Z4 0.01098 3.0507 t.8ZO -Z61.9 177.3 5.748 5.81 7.Z2 1950

?5 0.01103 3.0270 1.218 -256.5 104.6 6.047 5.9Z 7.41 1945

Z6 0.01108 2.9829 1.215 -251.0 192.1 6.341 6.02 7.60 1961

27 0.01113 Z.9437 1.212 -245.3 199.8 6.631 6.11 T.78 1936

28 0.01118 2.9043 1.208 -239.5 Z07.8 6,917 6.21 7.96 1930

29 0.01123 _.8648 1.202 -Z33.5 215.7 7.200 6.Z9 8.14 1925

30 0.01128 ?.8253 1.197 -227.4 223.9 7.479 6.37 8.31 1919

31 0.01134 ?.7858 1.190 -271.2 232.3 7.754 6.N5 0.47 1913

32 0.01139 Z.746q 1.183 -214.9 240.8 8.025 b. SZ 8,63 1907

33 0.01145 2.7071 1.176 -208.4 Z;9.6 8.293 6.58 8.74 1901

34 0.01151 2,6681 1.168 -701.9 258.4 8.558 6.65 0.95 1895

35 0,01157 2.6293 1.159 -195.? 267,5 8.820 6.71 g.10 1889

36 0.01163 2.5909 1.151 -188.4 276.6 9.078 6.76 9.25 1882

37 0.01169 ?.5529 1,142 -101.5 285.5 9.334 6.01 9,39 1876

3B 0.01175 2.5154 1.132 -174.5 ?95.4 9.586 6.86 5.53 1870

39 0.01181 2.4?84 1.1?2 -167.4 305.0 9,835 6.90 9.66 1863

40 0.01187 2.44?0 1,11? -160,Z 313.7 10,001 6.93 9.79 1857

4? 0.01?00 2,371? 1.091 -145,6 333.6 10.565 7.00 10.04 1844

34 0.01214 ?.3036 1.070 -130.7 354.9 11.038 7.07 10,29 1831

46 0.01228 ?.2396 1.037 -115.9 375,2 11.489 7.16 10,56 1817

48 0.01242 2.2010 1.025 -100.2 396,7 11,947 7,24 10.78 1810

50 0.01257 ?.I314 1.001 -84.3 418.5 12.391 7.32 11.01 1795

52 0.01272 Z.0954 0,9765 -68.0 ;30.7 12.827 7.39 11.21 1704

53 0.01287 2.0;72 0.9519 -51.5 463,3 13.756 7.35 lt,41 1751

56 0.01303 , 1,9978 0.9213 -34.5 ;06.6 13.677 7.51 11,60 1757

58 0.01319 1.9532 0.90?6 -17.5 510,0 14.087 7.56 11.77 1766

60 0.01335 1.9092 0.8783 -0.3 533.7 14.409 7.61 11.93 1730

65 0.01377 1.8163 0.8195 43,6 594.3 15.460 7.77 12.33 1697

70 0.0J420 1.7308 0.7646 80.9 657.0 16.388 7.98 1_.75 1663

75 0.01366 1,6626 0.7139 135.5 771.8 17.202 8.23 13.17 1631

80 0.01513 1.6074 0.6672 183.7 788,7 18.146 8.53 13.60 1601

85 0.01561 1.5682 0.6242 233,5 857.8 18.953 8.87 14,01 1574

90 0.01610 1.5299 0.5848 285.1 929.0 19.797 9.2; 16.45 1§_7

95 0.0L560 1.4914 0.5491 330.5 1002,4 20.591 9.63 14.92 15Z0

100 0.01711 1.4676 0.5167 393.7 1070.0 21,366 10.02 15.34 1_99

120 0.01922 1.4216 0.4137 633.9 1402.7 24.322 11.53 16.87 14_2

140 0.02139 1,4312 0.3313 893.3 1740.8 26,988 12.45 17.66 1_25

160 0.02357 1.4693 0.2892 1161.6 2104.5 29.383 12.79 17.85 1632

180 0.02576 1.5206 0.2505 1429.3 2459.7 31.455 12.73 15.66 1_52

200 0.02_93 1.5804 0.2207 1691.3 2809,0 33.295 12.37 17.28 1_80

270 0.03012 1.6472 0.1971 1945.2 3150.0 33.920 12.13 16.84 1512

2;0 0.03220 1.7212 0.1778 2190.9 3482.2 36.365 11.82 16._1 1546

260 0.03442 1.7982 0.1617 2429,2 3606.1 37.662 11.54 16.02 1580

280 0.03654 1.8760 0.1482 2661.k 4123,2 38.837 11.33 15.71 1613

300 0.03877 1.9580 0.1386 2879.8 ;430.6 39.881 11.02 15.43 1657

350 0.04;07 2.1575 0.1171 3429.4 5192.1 42.228 10.74 15,06 1739

400 0.0_932 2,3584 0,1015 3966.8 5939,5 44.226 10.61 14.86 1817

450 0.05454 2.5599 0.0897 4497.8 6679,3 45.970 10.56 14.76 1892

500 0.05974 Z.7616 0.0804 5026.4 7316.0 47.521 10.53 13.70 1964

550 0.06;92 2.4637 0.0729 5552.9 8149.9 48.920 10.52 14,67 2033

600 0.07010 3.1659 0.0667 6079.1 8003.Z 50,195 10.52 1_,66 2100

700 0.08044 3.5711 0.0570 7131.0 10349.2 52.456 10,56 14.63 Z228

800 0.09076 3.9772 0.0498 8189.6 11819.9 54.410 10,63 14.74 2348

900 0.10107 ;.3840 0.0442 9256.9 13299.6 56.160 10.75 14.86 2_61

1000 0.11137 ;,7915 0.0398 10337.1 14792,1 57.735 10.90 15,01 2568

1200 0.13198 5,6087 0.0332 12551._ 17030.7 60.392 11.28 15.38 2765

1400 0.15259 6.4267 0.0284 14846.6 20950.2 62.900 11.71 15.81 29_6

1600 0.17320 7.2463 0.0249 17226.7 24154,5 65.016 12.12 16.22 3114

1800 0.19340 8.0669 0.0221 19691.2 25443.4 66,915 12.50 16,60 3274

2000 0.21432 8,8081 0.0199 22240.7 30817.5 68.759 12.89 17.00 3_24

2500 0.26611 10.9;35 0.0159 29004.7 39649.1 75.043 14.19 10.35 3763

3000 0.31876 13.0G08 0.0133 36712.9 49463.; 81.986 16.75 21.18 _053

TWO-P_A$E 80UNOARY
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_0.00 MPA ISOBAR

TEMPERBTURE DENSITY V(DH/DV)
P

BEG. K KG/CU M KJ/KC

• 23,7_6 91.1935 16&W,6

Z_ 91.092_ 16_9,_

25 90.6916 1667,0

26 90.Z863 1683,3

27 89.8767 1698.7

28 B9._630 1713.2

29 89.045Z 1726.4

30 88.6236 L737.9

31 88.1982 17,8.q

32 87.7692 1759.2

33 87.3366 17_8.2

3, 86.9007 1776.5

35 86.,613 1784.1

36 B6.0188 1T91,0

37 85.5732 1797.3

38 85.1246 1802.&

39 8,.6731 1006.6

40 84.2189 181&.Z

42 83.3031 1617.Z

_4 82.3785 1825.I

,6 81.,466 _839.6

k8 80..895 18E_.4

50 79.5574 187,.7

52 78.6251 1891.9

54 77.6531 19_6.3

56 76.7649 1918.1

58 75.8377 1930.8

60 74.9161 1943.2

65 72,6362 1984.5

70 70.,0;0 2031.S

75 68.2267 2092.6

80 66.1148 Z166.3

85 64.0771 2256ol

90 62.1255 2349.0

99 60.1513 1441.3

100 58.4945 Z547.7

120 52.0300 3017.0

140 46.7548 3462.8

160 41.4196 3847.Z

180 38.8205 4161.3

ZOO 35.7865 4,27.5

220 33.2007 4673.3

240 30.9777 4921.5

260 29.0508 5176.9

280 27.3648 5_39.8

300 25.7922 5625.3

350 22.6935 6295.7

400 20.2773 70C0.3

450 18.3361 7726.0

500 16.7397 845_.5

590 15._02, 9191.1

600 14.2650 9931.3

700 12.4312 11431.9

800 11.0135 12971.7

900 9.8944 14565.5

1000 8.9787 12218.0

1ZOO 7.5767 19702.1

lk00 6.5536 23415.8

1600 5.7738 27270.6

1600 5.1599 31230.6

2000 4.663? 3S368.3

2500 3.7578 47326.9

3000 3.1371 6_967.4

• TWO-PHASE BOUNOARY

THERMODYNAMIC PROPERTIES OF PARAMYDROGEN

V(DP/OU) -VIOP/OV)
V T

MPA-CU MIKJ MPA

X 10 Z

0,23141 780.0107

0.23046 278.8086

0.22700 27,.0675

0.?2373 Z69,3192

0.ZZ056 264.5703

0.21750 259.827S

0.21467 255.0973

0,21158 ?50.3862

0.20936 245.7003

0.20684 24t.0461

0.20_47 236.4296

0.20719 231.8569

0,19999 2?7.3338

0.19787 222.8667

0.19582 218.4597

0.19390 21W.1198

0.19217 _09.8520

0.19049 205.6614

0.18715 197.5371

0.18372 189.7700

0.119,1 181.R096

0.17577 177.1544

0.17189 170.3629

0.16816 164.7520

0.164,6 159.0507

0.16091 153.3596

0.157_6 148.1771

0.15400 143.0374

0.14518 131.9755

0.13615 171.8556

0.12713 113.4349

0.11828 106.2738

0.10980 100.4830

0.10187 95.0470

0.09466 89.8598

0.00821 85.7859

0.06891 73.9680

0.05064 66,9139

0.05330 62.3257

0.05069 59.0296

0.04948 56.5563

0.04891 5_.6870

0.04856 $3.3182

0.0_821 52.2382

0.04782 SI.3371

0.04880 50.5022

0.04806 48.96??

0.04719 47.8?25

0.04633 46.9330

0.04561 46.2291

0.04,98 45.6475

0.044,2 45.1617

0.04343 44.396?

0.04251 43.8227

0.04159 ,3.3771

0.04066 43.0218

0.03882 42.,922

0.03706 ,2.1174

0.03557 ,1.8388

0.03431 41.6138

0.03315 41.,520

0.02992 _1.1Z38

0.02530 ,0.7851

(:-2

-(DV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

CONDUCTIVITY DIFFUSI#ITY CONSTANT NUMBER

IIDEG, K WIK-M KG/M-S SQ M/H_
x 103 x 107

0.00_36 178.41 502.49 _.0009_ 1._0209 2.0180

0.00437 179._8 490.71 0.0009_ 1.30173 1.9708

Q.O04., 183.?7 ,46.98 0.0009_ 1.30028 1.8070

0.00451 186.38 410.60 0.0009_ 1.29082 1.6736

0.00,58 188.96 379.68 0.00097 1.29735 1.5635

0°00465 191.07 353.17 0.00097 1.29506 1.,716

0.00471 19Z.BD 330.Z5 0.00096 1.29,35 1.3939

0.00478 194.17 310.30 0.0009_ 1.29784 1.3272

0.00_84 194.$I 292,80 O.O00q_ 1.29131 1.2753

0.00_91 194.67 277.37 0.0009? 1.28977 1.2306

0.00497 194.53 263.68 0.00091 1.Z8877 1.1918

0.00504 194.33 251.47 0.00090 1o28666 1.1578

0.00510 193.99 ?k0.52 0.000_q 1.28509 I.t281

0.00516 193.53 230.66 0.000_ 1.28350 1.1021

O,O057J 192,95 221.75 0,00086 1.28191 1.0793

0.00929 192.28 213.65 0.00005 1.20031 1.0590

0.00535 191.83 206.27 0.00084 t.27870 1.0405

0.00541 190.71 199.52 0.00083 1.27?08 1.0247

0.0055? 188.35 187.62 0.00081 1.27382 0.9974

0.00564 186.84 177.47 0.00079 1.27053 0.9771

0.00574 184.72 168.71 0.00077 1.26727 0.9643

0.00579 101.40 160.96 0.00076 1.26383 0.9509

0.00587 100.33 154.37 0.0007. 1.26054 0.9423

0.00593 178.21 148.44 _.00073 1.25725 0.9340

0.00598 176.11 143.19 0,0007_ 1.2S396 0.9276

0.00605 174.08 130.,8 0.00070 1.25069 0.9228

0.00609 172.10 13,.12 0.00069 1.247,3 0.9175

0.0061_ 170.44 130.3_ 0.00069 1.24,20 0.9115

0.00621 167.34 122.02 0.00067 1.23623 0.8989

0.00627 164.59 115.23 0.00066 1.2Z845 0.892,

0.00629 162.Z4 109.56 0.00065 1.22090 0.889k

0.00620 160.42 104.80 0.00064 1.21361 0.8885

0.00671 161.66 100.78 0.00065 1.20660 0.8737

0.00615 165.02 97.40 0.00065 1.19991 0,8635

0.00611 16R.54 94.54 0.0006_ 1.19350 0.857?

0.0060Z 166.04 66.10 0.00067 1.18739 0.7957

0.00559 181._0 89.25 0.00075 1.16569 0.8256

0.00510 190.8_ 89.21 0.00083 1.14808 0.8?57

0.00_64 194.35 80.,0 0.00092 1.13374 0.8119

0.00414 195.72 87.79 0.00103 1.12194 0.79_1

0.00390 195.07 87.67 0.0011, 1.11205 0.7766

0.00360 194.93 88,07 0.00126 1.10367 0.7608

0.00333 195.36 88,91 0.00138 1.09650 0.7,68

0.00310 196.58 90.13 0.00152 1.09031 0.73.7

0.00289 198.63 91.66 0.00166 1.08492 0.72,7

0.00?75 201.42 93.,3 0.00181 1.07990 0.7163

0.00239 Z11.01 98.61 0.002?2 1.07007 0.703?

0.00712 Z22,99 10;.50 0.00266 1.067_5 0.6963

0.00191 ?36.38 110.79 0.003%4 1.05635 0.6918

0.00174 250.37 117.32 0.00366 1.05136 0.6889

0.00160 764.81 123.99 0.0042? 1.04719 0.6869

0.00148 ?79.49 130.77 0.00481 1.0,365 0.6855

0.0012_ 304.42 14_.21 0.00611 1.03797 0.6839

0.00114 340.05 157.60 0.00754 1.03360 0.6833

0.0010Z 371.40 170.87 0.00910 1.03013 0.6833

0.00093 _40.56 183.81 0.01177 1.01737 0.6261

0.00078 511.13 709.10 0.01579 1.02302 0.6292

0.00060 583.31 233.,8 0.020?7 1.01989 0.63?9

0.00059 655.35 257.04 0.02519 1.01751 0.6363

0.00053 727.02 270.05 0.03055 1.01563 0.6391

0.0004_ 800,96 301.99 0.03637 1.01417 0.6409

0.00039 1028.77 354.94 0.05370 1.01137 0.6332

0.00033 1445.38 ,05.57 0.0783? 1.00948 0.5943
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_5.00 _PA ISOBAR

[MERHOD}_AMIC PROPERTIES OF PARAHYDROGEN

TEMPERATJRE VOLUME I_QIH_kq [SOC_ORE INTERNAL ENTHAL_Y ENTROPY CV CP VELOCITY

DERIV_IIVE DERIV_TIV_ ENFPGY OF SOUND

OEG. < CU N/KG CU H-MFA/KG MPAIK KJIKG-K KJIKG KJIKG-K KJ I K_-K HIS

• 24.7_ 0.01087 3.264_ I,_ -_55.6 2_1.5 _.73? 5._ 7.25 2009

25 O.QtDSW 3,_545 1,2_9 -2_,3 _,J 5.617 5,8) 7.30 2008

26 0.;[088 J,_173 I*747 -Z_5.q 2_j.7 _.1_2 5,q_ 7*W_ _00&

27 0,01093 3.17_0 1.ZWW -24],4 24_,3 6,357 6.0_ 7.66 _000

78 0,01097 3.1_2_ 1.2_0 -_37,8 _55, I 6.669 6.19 7.8_ 1995

29 0.01107 3.1041 1.235 -73_.I 26_.0 5,9_? 6.2_ 8.01 1990

3_ 0,01107 3.0660 1.230 -Z_6.Z _?Z.I 7,271 6.36 8.17 1985

31 0,01117 3.0770 1.72_ -Z20.1 ZBO.3 7.452 6.4_ 8.33 1980

37 0.01117 2,q_91 1,717 -Z1w,O _88.? 7,7_5 6._1 O,wg 1975

33 0.011_2 _.9514 1.210 -707.7 29_.3 R.OZ; 6.5_ 8.&W 1969

34 0.011_1 2.9133 1.Z03 -201,_ ]Ob.O 0._3 _._ 8.79 1963

35 0.01133 Z.PT_3 1.195 -19_,9 314._ 8.5_£ 6.70 8.93 1958

36 0.01138 2,8375 1.187 -18_.3 313._ 8.7_3 6.7= 9.08 1952

31 0.011_ _o8_0 1.178 -181._ 331.3 9*0_4 6,_ 9.ZZ 19_6

38 0.011w9 Z,76_8 I.I?Q -174.8 _42.3 9._91 6,86 9.35 19W0

39 0.01159 2.7260 1.160 -167.9 ]51,7 q,536 6.9L 9.48 1934

_0 0.01161 Z,689_ 1.151 -161.0 361.Z 9.777 6,9_ 9._0 1978

_Z O.OtlZZ _°6182 1,131 -1_6.8 ]80.7 10.25J 7.02 9.8_ 1916

44 0.0118_ _.5_97 1.111 -137.3 _0_._ I0.71_ 7.00 10.08 190_

46 0.01197 Z._879 1,090 -118.0 .ZO._ 11.156 7.I9 10.3_ 1890

_8 0.01_09 2.4198 1.068 -102.8 4_1._ 11.607 7.28 10.59 18_6

5Q O.OIZZZ Z.3&01 1.0_6 -87.3 46_._ 1_.039 7.3_ 10.0Z 1863

52 0.017_6 2.3042 1.023 -71.5 _8_,7 1_._67 7.43 11,03 1850

5_ 0.01Z50 2.1794 1.001 -55.3 50_._ 12.89_ Z._9 11._1 1846

5_ 0.01764 2.2290 0.9786 -38,7 530.0 13.306 7.59 11.W0 1834

58 0.01778 Z.1913 0.955_ -ZZ.1 55z._ 13.709 7.51 11.55 tez_

60 0.01_97 _.1_32 _.93_3 -5.3 57_._ 1_,104 7.67 11.73 1811

65 0.01379 Z,_56 0.87_g 37.? 635.9 15,058 7.83 1z.13 1780

70 0.01368 1.9626 O.8ZOZ 87,0 697.5 15.97_ 8.0_ 17.53 17_9

75 0.01407 1.8870 0,769Z 177.8 761.Z 16,_91 8.30 17.96 1716

80 0.014_8 1.8158 0,7119 17_.3 877.1 17.701 8.60 13,hi 168k

89 _.01491 1.7672 0.6787 22_.5 _95,3 18.5_8 8.95 13.86 1655

90 0.0153_ 1.7_29 0.6379 Z75.6 965.8 19.333 9.37 1_.32 1627

95 0.01_78 1.6938 0.6010 3_8.5 133_._ 20.119 9.70 1_,7_ 160_

1C0 0.01622 1,6639 0,5671 383.3 1113.3 20.8_7 10.0_ 15.10 1587

170 0.01006 1.5871 0._586 6_2.5 1435._ 23.819 11.61 16.80 1515

1_0 0.01997 1.58_3 0.3806 881.9 1780.5 2_.4_? 12.5_ 17.63 1_93

160 0.07190 1._087 0.3_36 I150.6 _135.9 _8.890 17.85 17.85 1_9_

18J 0.02387 1,f518 C.2807 1_19.1 7491._ 30.9_2 12.79 17.66 1510

ZOO 0.0757_ 1.7050 0,Z_77 1681.0 28_.6 32.?_3 12,52 17,_9 1535

ZZO 0.0Z768 1.765_ 0.1215 1936.6 318_.0 3_.410 12.19 16.87 1563

Z_O 0.02959 1._336 0.2000 7183.3 3515.0 35.859 11.8_ 16._6 159_

_60 0.03150 1.9071 0.1821 _k22.8 3_0.Z 3?.161 11.60 16.09 16Z6

280 0.03338 1._838 0.1669 2656.3 415_.5 38.3_C 11.39 15.77 1657

300 0.03_36 Z.CEC2 0.155_ _87_,0 4_65.2 39.380 11.05 15._8 1698

350 0.0_006 2._557 0.1316 3_25.3 5228.? _1.732 10.77 15.09 1778

WOO 0.0_73 _,_537 0.11_I 396_°0 597_.9 43.7_3 10.6_ 1_.80 1853

490 _,0_937 2.65_8 0,1008 _96.0 6717.7 _5,479 10.5& 14.78 19Z5

500 0.05399 2.8526 0.0903 5025.5 7_55.1 47.032 10.55 1_.71 1995

550 0.05860 3._529 0.0818 5557.6 818_._ _B.k32 10.54 1k.68 ZOb2

600 0,06370 3.7536 0.07_9 _079._ 8923,_ _9.707 10.5_ 1_.87 _118

700 0.07Z38 3.6562 0,06_0 7137.9 10390.1 51,970 10.57 14.68 2153

800 0.08155 _.E600 0.C559 _191.5 11_61.1 53.913 10.65 1_.75 2311

900 0.09071 _,_649 C,0497 9_59._ 13I_1°1 55.674 10.76 1_.86 2_83

10G0 0.09986 4._7_8 0.0_47 10339.0 14833.6 57.2_9 10.9_ 15.01 Z588

1700 0.11817 5.68_9 0.0373 1255_.7 1737_.4 60.006 11.79 15,38 Z783

1400 0.136k6 6,5012 0,0320 1_850.3 _0991.9 62.415 11.TZ 19.81 7962

1600 0.15_79 7.3191 0.0280 17730.5 Z4196.1 64.531 1_.13 16.2_ 31Z9

1800 0.17310 5.1383 0.02_9 1_69_.2 _7_8_.8 66,4_0 12.50 16.60 3187

ZOO0 0.191_2 8.9584 0.0274 Z_4_.5 3095_.5 68.273 12.B_ 16.99 3437

2500 0.13r35 11.0116 0.0179 29001.4 396_3._ 7k.554 1_.16 18.3Z 37T5

3000 0°28410 13.0674 C,0149 31668.5 _9_52.7 81.481 16.61 71.02 _65

TNO-P_ASE 80UWDARY
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45,00 NPA ISOBAR

TEMPERATURE DENSITY V (DHI(]V)
P

DEG, K KGICU H KJ/KG

4 2_./W2 92,38W0 1/¢_9. i*

25 92.2812 % 75_..5

26 91,8995 1773,8

27 91.5102 1/92.2

28 91.1173 1809.6

29 90 • 7211 t 825.6

30 90 • 3216 % 039.6

31 89.9189 %853.2

32 89.5102 18E6.0

30 89.1045 1377.4

3k 88,6900 L 88 ?,9

35 88.Z787 1897.6

36 87.8617 1906.6

37 87.4¢*ZZ 1914.8

38 87. 0201 1 921.9

39 86.595,5 1927.6

40 86.1687 1932.6

_Z 8S.3086 19_2.3

_4 84._405 1952.4

_,6 83,5657 IgEg.2

• ,8 88,6853 1983.3

50 81.8007 1997.0

52 80,9135 20%0.7

5W 80.0086 20_0.1

56 /9.1001 205_.2

$0 78,252/ Z073,7
60 77.302_ Z086.5

155 /5,ZZ09 2133.5

70 73.1[19 2192.%

75 71.0W01 ?258.0

80 69.0373 233W.1

85 b7,0851 Z_20._*

90 65,19_7 2521.2

95 63.389S 2634.2

100 E,1,6k?? 27k5,7

120 55,35;'1 3217.9

1_0 50.0760 3069,5

160 ¢.5.671_* ¢.050,6

180 _1.9702 4361.9

ZOO 38.8012 ¢*6;??.3

220 36, 1010 _859.2

Z_0 30.7920 S098.1

260 31.7500 53_9.7

280 29.9569 5615.0

000 28, 2816 578S.2

350 2_.. 9599 6¢.51,9

_00 22%3557 7155,0

_50 Z0,25_,7 7880.0

500 18.5211 8609,0

$50 1/• 06h6 93_ • 3

600 15.8228 1008_*.1

700 13.8159 1158_.2

800 12,2628 1312_,.6

900 11, OZ(o5 lO, 717,¢*

1000 10,0136 16370,2

1200 8 • k6ZZ 19855.7

1_00 7.3271 23571.5

1600 6.460¢* 7 7L, 78.1

1800 5, 7769 31 388,6

2000 5o7261 35522.9

2500 k • 2132 _ 7k, 06.5

3000 3.5199 6¢*685,0

• TWD-PtESE BOUNDARY

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

V(DP/OU) -V(DP/DV)
V T

HPA-CU MIKJ MP_

X 102

0.23071 30X,5396

0.?29_0 300.33_1

C.22639 295.665_

0.22310 290.9011

0.21993 206.2917

0.2%695 2_1,60X2

0,21_23 216.9220

G.?LI54 272,P5_9

0.20895 267.60h7

0.Z0652 262.9803

0.20_I9 258.3862

0.20195 253.8280

0.19979 2_9.3110

0.19771 ?4h.8403

C.19578 P_0._212

G,19¢*03 ?3E.O58E

0.19235 23t.7573

0.18901 223.3571

C.10560 715.2561

0.10102 207._866

0.177_9 200.0778

0.17081 193.0548

0.17C26 1_6.43R2

0.16712 182,37_6

0.16070 176,3816

0,160_6 171.4717

0.15717 165.8425

0.1_0_9 153.882_

0.13950 143.4871

0.130_ 13_.0696

C.12151 12S,605_

0.11299 110,55_3

0.10501 112.3300

0.097/0 107.3672

0.09113 102.5731

0.07137 87.8588

0.06073 79.2331

0.05513 73._78

0.05231 69.3020

0.05095 66,2089

0.05029 63./886

0.04986 61.960S

0,0_943 60,5518

0.0¢*892 59,h281

0.0_986 58.266_

0°0_898 56,302k

0.0_798 5R.853_

Q.0_703 53.7312

0.0_672 52.8327

0,045S2 92,0962

0.0¢*¢.91 51.4811

0.0_383 50.5130

0.0_285 _9.7869

0.04188 ¢.9,2236

0,0_092 _5.77¢.8

0.03901 ¢.8.1065

0.03127 k?.63Wk

0.03570 _7.2842

0,03325 _6.7994

0.00005 _6.0936

0.02556 _5,9966

C Z

-(BVIDT)IV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

P CONDUCTIVITY DIrFUSIVIT¥ CONSTANT NUMBER

I/DEE. K W/K-M KG/H-S SQ M/H_

x 10 _ x 10 ?

0.00_14 180.97 53_.95 0.00102 1.30639 2.0519

_.00_15 189.95 521.55 0.00102 1.30603 2.00W5

_.00_72 193.31 _76,31 0.0010_ 1.30_6¢* 1.8k31

0.00_27 196.11 _37._6 _.001oI 1.30323 1./103

0.00_33 198._3 40S.Oq 0,00100 1.30182 1.5998

0.00_39 Z00.33 376,93 0.00099 1.30039 1,5065

0.004W4 201,fl6 352.$4 0,00095 1.29895 1,¢.267

0,00450 202.31 331.26 0.00097 1,29750 1.3640

0.00_55 202.52 312,59 0.00096 1.29604 1.3102

0.00_60 202.52 396.09 3.00095 1.29¢.57 1,2633

0.00_66 202.W0 281.¢.5 J.00093 1.29309 1,2222

0,00_71 202.13 26e.38 0.00092 1.79160 1.1863

0.00_76 201.72 256.65 _.00091 1.29010 1.1549

0,00481 201.Z0 ?46.09 0.00090 1.28860 1.1272

0.00_86 200.58 236.5_ _.0008_ %.2870_ 1.1026

0,00_92 199._7 227.86 3.00080 1,28557 1.0803

0._0_97 19_.09 219.96 0.000_7 1.28_0_ 1,060_

0,00507 197,28 206.09 0.0008_ %.28097 %.0278

0.00516 195.30 19_.3k 0.00083 I,?/707 1.00Z7

0,00525 193.20 18¢*.27 0.00080 1,27¢.75 0.9865

0.0053_ 191.04 175.55 0.0007_ 1._/167 0,9728

0.00542 188,06 167.9_ 0,00077 1,?68W8 0.9619

O.OOSWq 186.67 161.22 0.0007_ 1.26533 0,95Z9

0,0054_ 18_._ 155.17 0°00074 1.26813 0,9¢*29

0.00555 182,36 1¢.9,90 0.000?3 1.75903 0,9369

0.00557 180.33 145.15 _.00072 1.25593 0.9300

0,00562 178,63 1_0.07 0.00071 1,25206 0.9250

0.00569 175._6 131.74 0.00069 1.?_589 0.9108

0.00572 17Z,60 12¢*.33 0.00068 1.23789 0.9027

0.0057W 170,1k 118.20 0.00067 1.23069 0.9008

0.00575 168,20 110.03 0.00065 1,223?1 0.9012

0.00572 169,_1 108.62 0.00066 1.21696 0.8888

0.00560 170°71 10_.86 0.00066 1,210¢.6 0.8795

0.00560 172.17 101.66 0,00066 1.ZOhB; 0.8707

0.00553 17_._0 90.9_ 0.00067 1.19827 0.7917

0,0052_ 190.68 9k.01 0.00074 1.17690 0.8281

0,00k80 198.59 93.63 0.00081 1.15915 0°8012

0,00¢*kl 201,_1 92.k0 0,0008_ 1.1k_¢.9 0,8187

0.00_05 201.57 91.35 0.00098 1,13228 0.8005

0.0037¢* 200.P0 90,84 0.00108 1,12197 O,?BBk

0,003_7 200.08 90.88 0.00118 1.1131/ 0.7663

0.00323 200.05 91,_ 0,00129 1.10558 0.7523

0.00301 200.90 92.42 0.001_2 1.09899 0.7_01

O.00ZB% 202.61 93.76 _.0015¢* 1.09322 0.7297

0.00268 208._0 95.3/ 0.00169 1.08785 0.7190

0.0023¢* 21_,¢.2 100.01 0.0020S 1,07/26 0.7057

0.00208 726.27 106.09 0.002_S 1.06900 0.69?8

0.00188 239.68 112.37 0.0028_ 1.06238 0.6928

0.00171 253.02 11B.95 0.00335 1,05693 0.6896

0.00157 268,_8 175.71 0,00386 1.05237 0.6873

0°00145 283,_6 132,56 0.00_0 1.0_050 0.6858

0.00127 31_.10 1_6.37 0.005_ 1.0_22S 0.68ql

0.00112 345.56 160.13 0.0068_ 1.00/_ 0.683k

0.00101 37/.81 173.75 0.00830 1.00362 0.6833

0.0009? _w0,56 187.17 0.0105S 1.03050 0.6376

0.00017 511.13 213.33 0.01_1¢* 1.02573 0.6_20

0.0006/ 583.31 238.60 0.01813 1.0222S 0.6k67

0.00059 655.3_ 263.0_ 0.022S1 1.01960 0.6511

0.00053 ?26.06 286.?2 0.02728 1.01/5_ 0.65_9

O.O00h8 800._9 309.72 0.002_7 1.01583 0.657_

0.00039 102S._1 364.72 0.0478_ 1.01275 0.6515

0.00032 1_??.99 41/.28 3.069_9 1.0106_ 0.61_2
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50.0_ HPA ISOBAR

TMERHOO%NAMIC PROPERTIES OF PARAHVOROGEN

IEMPERATURE VOLUME IGOlHERM ISOCMORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERIvATIV_ 0ERZVATIVE ENERGY OF $OUNO

OEG. K CU MIKG CU M-MFAIKG NPAIK KJIKG-K KJIKG KJIKG-K KJ I KG-K HIS

25,?08 0,01069 3._533 1.278 -2Q7.9 286._ 5.798 5*qh 7.33 206W

26 0.01071 3._430 1.278 -2_6.4 289.0 5.881 5.97 7.38 2063

27 0.01075 3._072 1.275 -741.0 ?96.4 _,163 6.07 7.56 E060

25 0.01079 3.3711 1.271 -235.6 30w. I 6.;41 6.17 ?.73 Z056

29 0.01084 3.33;6 %.267 -Z3C.D 311.9 6.715 6.26 7.90 2051

30 0.01068 3._98C 1.262 -224.2 319.q 6.986 6.3_ 0.06 Z0_2

32 0.01093 3,_612 _.256 -?l&.k I_8,0 7.252 6._? 8.21 20_

32 0.01097 3,2_2 1,250 -212.4 336°3 7.515 6.50 6.37 2037

33 0.01102 3,1872 1,2;3 -_06.3 3_;.7 7.775 6.57 8.51 Z032

34 0.011D7 3.J511 1.236 -200.1 351.3 B,03Z 6._ 8.66 ZOZ7

35 0,01112 3.1131 1.279 -193.8 362.0 8,285 6.70 8.00 2022

36 0.01117 3.0701 1.Z_1 -187.4 37_.9 0.534 6.76 8.94 Z016

3? 0.01122 3,0393 1.Z13 -180.9 3?9o9 8.701 6.8Z 9.07 Z011

38 0.01127 3,C027 1.205 -174.3 389.1 9.025 6.67 9.Z0 Z005

39 0.01132 Z,_6E3 1.196 -167.6 398.3 9.265 6.91 9.32 ZOO0

_0 0.01137 Z.93[2 1.107 -160.6 40?°? 9,503 6,95 9.44 1994

;Z 0.01148 _._590 1,168 -1_7.0 426._ 9.969 7.03 9,67 1983

44 0.01159 2.7895 1.149 -132.9 446.4 10.424 7.11 9.90 1971

_6 0.01170 2.7220 1.123 -119.0 465.9 10.058 7.22 10.16 1950

_8 0.01181 2._570 1.108 -10_.2 _86.5 11.29_ 7.31 10.40 1945

5_ 0.01193 2.5_48 1,087 -89.0 507.5 11.725 7.39 10.63 193Z

SZ 0,01205 2,5356 1,065 -73.6 5Z9,0 12.1_6 7.46 t0.84 1919

54 0.01217 2._797 1.0W3 -57.9 $50.9 12.559 7.53 11,06 1907

56 0.01230 2.427_ 1.021 -41.6 5?3.4 12.969 7,60 11.24 1695

88 0.01243 2._097 1.002 -25.3 59b.3 13.371 7.65 11,39 1093

60 0.01256 2.3577 0,9796 -8.9 619,3 13.760 7.71 11.57 LOOO

6S 0.02290 2.2638 0.9240 33.3 678,1 14.701 7,09 11,97 1654

70 0.01324 Z.1796 0.8710 76.9 738._ 15.602 0.10 12.37 LOZk

75 0.01360 Z.IO_B 0.8199 122.0 801.0 16.470 8.36 lZ.79 1794

00 0.01396 2.0360 0.7723 160.8 066.9 17,310 6,67 13.24 1763

05 0.01433 1.9734 0.7280 21?.5 934.Z 18,1Z6 9.0Z 13.71 173Z

90 0.01472 1._2_1 0.6869 760.0 1003.9 18.923 9.39 lk.18 1703

95 0.01511 1.B_10 0.6469 320,6 1076.0 t9.?02 q.70 14.63 1676

100 0._1_50 1.8546 0.6139 375.0 1150.Z 20,464 10.17 15.05 1657

120 0,01714 1.7591 0.5009 613.2 1470.1 23.376 11.60 16.70 1566

140 0.01883 1.7337 0._10_ 872.3 1814.0 Z6.0Z; 1Z.58 17.60 1997

160 0.02055 1.7491 ©,3569 1141,3 216_.0 Z8.3q4 1Z.91 17.84 1554

180 0.02228 1.7838 0.3103 1_10.3 2524.2 30.487 12.85 17.67 1566

200 0.02400 1.8323 0.2740 1673.6 2073.8 32.328 12.58 17.30 1see

220 0.02573 1.8865 0.Z453 1929.1 3Z15.4 33.956 1Z, Z_ 16.89 1613

240 0.0Z7_4 1._485 0.2218 2176.6 35_6,_ 35.406 11.92 16.49 1641

Z60 0,02916 2.0170 0.Z0_2 2417.1 387_.8 36.712 11.66 16,14 1671

280 0.03085 2.0909 0.1856 _651.7 _194,4 37.096 11._5 15.83 1701

300 0.03Z63 Z.1638 0.1730 2069.1 4500.4 36.932 11.09 15,51 1735

350 0.03666 _.3550 0.1461 3421.8 5264.8 41,Z88 10.80 15,11 1615

400 0.C4106 ?.5_98 0.1266 3961.6 6014.6 _3.292 10.66 14.90 1888

_50 0.0_523 2.7_63 0.1110 4494.7 6756.4 45.040 10.60 14,79 1957

500 0.04939 Z.9440 0,100_ 50_4.9 7_94.5 46.594 10.57 14.73 ZOZ5

550 0.05354 3.142_ 0.0908 5552.7 6ZZ9.6 47.996 10.56 14.69 2191

600 0.05767 3,341k 0.0830 6080.1 8963.7 4q.272 10.5S Lk*67 2155

700 0.06593 3.7411 0.0710 713q.5 10_31.0 51.535 10.56 14.68 ZZT6

000 0.07w17 4.1425 0.06_0 0193.7 11902.4 53.490 10.66 14.75 2394

900 0,082_1 4,_453 0,0551 9262.0 13302. S 55.240 10.77 16.86 Z504

1000 0,09065 ;.9494 0.0496 10342.9 14075.Z 56.815 10.9Z 15*01 Z_|O

1Z00 0.10711 5.7604 0.0_13 12_50.k 17914.0 59.57Z 11.30 15.38 Z001

lk00 0,12358 6.5743 0.0354 14054,4 Z1033.4 61.961 11.72 15.81 2970

1600 0.14005 7.390q 0.0310 17Z3_.9 Z4Z37.5 64.097 12.13 16.ZZ 3163

1800 0.15553 8.2080 0.0276 19699.7 27526.1 65,996 12.51 16.60 3301

2000 0.17301 9.0_60 0,0241 _Z248.8 30899.3 67.839 12.89 16.99 3449

Z500 0.21433 11.0175 0.0199 _8999.8 39716.2 74.116 1_.13 18._9 3706

3000 0.25635 13.1315 0.0166 36632.2 49449.7 81,030 16.50 20.86 _076

* TWO-PHASE BOUNDARY
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50.00 NPA ISOBAR

TEHPERATURE DENSITY V(3M/DV_

DE&. K KG/CU H KJ/KC

• 25,T08 93.5095 1851.7

26 93.;012 1858,0

77 93,0Z86 1879,3

28 92.6530 1899.6

29 92,27;5 1918.3

30 91.8933 1935.1

31 91.509W 1951.3

32 91.17Z9 19_6.5

33 90,73k0 1980.3

3; 90.3427 1953.?

35 89.9491 2005.2

36 89.5533 2016.2

37 09.1553 ?026.5

38 88.7551 2035.5

39 88.3530 2042.9

;0 87,_89 20_9.5

;2 87.1352 ?062.2

_4 86.3146 Z075.1

46 85.4880 Z094.8

kS 8;°6562 2111.2

50 83.8203 2126.7

52 82,9812 7141.7

5_ 82.1403 2156.9

56 81.2989 2172.1

50 80,k310 2203.2

60 7q,6003 2216.3

65 77.54W0 2272,4

70 75.5271 2338.7

75 73.5548 2415.;

80 71.6309 7500.3

65 69.7620 2592.3

90 67.9;53 2695,2

95 66.1884 ?807.4

100 6_.;956 2933.1

120 58.34b8 34?2.5

1;0 53.0937 3871.k

160 ;0.6518 ;2_2.8

$80 ;4,88_5 _559,2

200 41.6582 ;818.3

220 38.8?0; 5047,7

Z;O 36.;373 5277.2

260 3_.2592 5520.7

280 32.;108 5703.2

300 30.6995 59k5.2

350 27.1297 6608.2

_00 24.3547 7309,7

_50 22,1071 803;,1

500 20.2_64 8762.7

550 18.6789 9;97,6

600 17.3392 10237.1

?00 15.1678 11736,6

800 13,;870 13276.7

900 17.13;3 1_869.3

1000 11.0320 16522.3

1200 9,3359 70008.9

1_00 8.0919 23726.5

1600 1,1_02 2758;.6

1800 6.3887 315;5.5

2000 5,7801 35676.9

Z500 _.6657 47497.;

3000 3.9009 6;470.2

TWO-PqASE 80UNOJRV

TMERMOOYNAMIC PROPERTIES OF PARAHYOROGEN

"(DVlDT)IV THERMAL
V(CP/DU_; "V(DPIDV) T P CONOUCTIVITY

MPA-CU _IKJ MPA IlDEG. K W/K-M
X 10 _ X 1_ 3

0,23018 322,9196 0.00396 198.99

0,22917 321.5761 0.00397 199.9_

0.2257_ 316.9646 0.00402 202.99

0.222;4 312.3381 0°0040? 205.49

0,21935 307.70?5 0.00412 Z07.56

0.2165_ 303.0638 0._0q16 209.2_

0.2137W 298.4276 0.00421 209.79

0.21107 293.8000 0.00_25 210.89

0.20857 289,1859 0.00;30 210.16

0.20617 284,5909 0.0043; 210,11

0,20387 280.0202 0,00_39 209.90

0.20166 275,;789 O.OOW;3 205.55

0.19954 270.9719 0.0044_ 209.07

0,19757 266.5040 0._0_52 208.45

0,19579 262.0800 0,00456 207.81

0.19W09 257.7042 0,00461 207.06

0.19072 2;9.1153 0.00469 205.29

0.18728 240.7706 0.00477 203.33

0.18300 237.7010 0.00_85 201.29

0.17917 22_,9347 0,00493 199.09

_.17552 217.;966 0.00500 196.89

0.17200 210,;081 0.00506 194.68

0.16857 203.6869 0.00512 192.48

0.16527 197.3461 0.00517 190.32

0.16274 193,8173 0,00517 108.12

0.15552 137.6705 0.00522 186.36

0.15120 175.5411 0.00527 183.08

0.1;234 164.637; 0.00529 180,12

0.13327 15;,816; 0.00530 177.53

0,12;32 1;5.8433 0.00530 175,47

0.11572 137,6651 0.00529 176.68

0,10766 130.5979 0,00526 177,93

0.10027 12;.5019 0.00521 179.32

0.09360 119,611; 0.00513 182.33

0.07353 102.6367 0,00488 193.60

0.06263 92,0502 0.00455 206.05

0,05681 85,0971 0,00419 208.25

0.05381 80.0658 0.00388 207.78

0,05231 76.3289 0.00359 206.42

0.05155 73.3272 0.00335 205.21

0,05106 70.9973 0,00317 204.7k

0,05058 69.1826 0.00292 205.23

0.05002 67,7689 0,0027; 206.69

0.05089 66,3710 0.00261 209,00

0.04986 63,889; 0.00229 717.8;

0.04075 62.0985 O,OOZO; 229,5;

0.0;769 60,7131 0,0018; 2;2,96

0.0;681 59°6048 0.00168 257.23

0,04605 58,696_ 0.00155 272.10

0,04538 57.9379 0°00143 287,36

0.0;;22 56,7;41 0.00125 318.70

0,_4317 55.8;89 0.00111 3_1.00

0.©4216 55.1545 0.00100 38_.19

0.04115 5;.6014 0,00091 4k0.56

0.03920 53.7787 0.00077 511.13

0.03737 53,1985 0.00067 583.31

0.03582 52.7687 0.00059 655.33

0.03;53 52,;382 0,00053 726,90

0.03335 52.175; 0.000;8 800._6

0.03017 51.6845 0.00038 1022.57

0.02578 51.2248 0,00032 1;13.28

ORIGINAL PAGE }_

9P POOR QUALITy

VISCOSITY THERMAL DIELECTRIC PRANDTL

OIFFUST_ITV _ONSTAf_T N_MBER

KC/H-S _Q H/HR

x l0 T

567.99 0.00105 %.31046 2.0521

552.;3 D.OOIO_ 1.31007 2.0352

504.76 O.O010w 1.30a72 1.37q5

;64.37 0.00103 1.30736 1.7471

429.87 0.0010_ 1.30600 1,6357

W00.1_ 0o00107 1.30w62 1.5h07

37_.3_ Q.0010_ 1.30]_] 1.4655

35i.8_ O._OO_q I._0%84 1._010

33i.98 0.00098 1.300_3 [.3_50

31_.4_ 0.00_92 i.?_gO_ 1.2955

298.88 O.OOOg_ 1.29761 1.2510

28_.97 O.OOOg_ 1.?5618 1._15_

272._8 8.00093 1.29475 1.1822

261,23 Q.OODg_ 1.29331 1.1527

251,05 _,00091 1.291_7 1.1260

241,80 0.00050 1.290;? 1.1023

22_.65 3.0008_ 1.28750 1.0630

217.06 3.000_ 1.28_56 1.0326

200.49 0.0008{ 1.28161 1.0123

190.53 3.00081 1,27664 0.9953

181.87 ].00080 1.27566 0.9816

174.28 0.00C7_ 1.27767 0,9707

167.58 0.0007o 1.2696_ 0.961_

161.62 3.00075 1,26670 0.9543

156.13 0.00074 1,2636_ 0,9452

151.37 0.00073 1,26069 0,9396

141.30 0.00071 1,25343 0.9239

133.23 0,00069 1,2463_ 0.9152

126,58 0.00068 1.23944 0,9121

12i.00 0.00067 1,23272 0.9129

116.25 0,00067 1.22622 0.9020

112.16 0°00067 1.21993 0.8936

108.6; 0.00067 1.21386 0.8865

95,57 0.00068 1.20803 0.7891

98.60 _.00073 L*18702 0.8293

97.93 _.00079 1.16927 0.8363

96.31 0.00086 1.15_39 0.8249

5_.87 _.0009_ 1,14188 0.8067

93.99 3.00103 1.13124 0,7877

93.71 0,00113 1.12210 0.7711

93.99 0.00173 1.11_16 0.7570

94.75 0.00133 1.10722 0.7450

95.89 0.001k5 1.10112 0.73_6

97.35 0.00158 1.0954W 0,7223

102.04 0,001_1 1.08417 0.7078

107.70 0.00228 1.07534 0,6952

113,95 0,00267 1,06822 0.6939

120.57 0.00311 1°06235 0.6903

127.41 0,00357 1.05743 0.6878

134,3_ O.OOkO 7 1.0532_ 0.6862

1;8.50 0.005%5 1.046k6 0,68;2

162,6_ _.0063_ 1.0k122 0.683;

176.67 0.00767 1.03704 0,6033

190.52 0,0095_ 1,03364 0.6_91

217.60 _.01281 1.028;2 0,6548

2_3.81 0,01641 1.02460 0.6608

265.18 0.02037 1,0216_ 0.6663

293.79 0.02_67 1.01938 0,6710

317,70 _.0_93_ 1,01752 C.6744

37_,91 0o0_315 1.01_13 0.6704

;29.54 0.062k6 1.01180 0,6347
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55.00 MPA I$08AR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTNALPY ENTROPY CV CP VELOCITY

OERIV(TIVE DERIVATIVE ENERGY OF SOUND

OEG. K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJIKG KJ/KG-K KJ / KG-K N/S

* 26.6_b 0.01057 3.6392 1.307 -ZhO.O 361.5 5.856 6.01 7._1 2110

27 0.01059 3.6271 1.305 -238.2 36w.1 5,984 6.05 T.;7 2117

28 0.01863 3.5926 1,302 -232.9 351.T 6,229 6.15 ?.66 2113

29 0.0106T 3,5577 1.298 -227,6 359,_ 6.500 6.2W ?.81 2109

30 O.OLO?I 3.5225 1.263 -221.8 367.] 6.767 6.33 7,96 2185

31 0.010T5 3,68T1 1,288 -216.1 3?5.3 1.031 6.61 8.11 2101

32 0.01080 3,_51; 1.282 -210.3 303.5 7.291 6._9 6,26 2097

33 0.01003 3._156 1.275 -20_.; 391.9 7.5;7 6.56 8.61 2092

34 0.01088 3.3796 1,268 -198.3 400.3 7,800 6.63 8.55 Z087

35 0.01093 3.3636 1.261 -192.2 409.8 8.050 6.?0 8,66 2882

36 0.01097 3.3076 1.254 -185.9 41T.7 8,29T 6,T6 8,82 ZOT?

32 0.01102 3.2216 1.246 -179.5 426.6 8.540 6.82 0.95 2072

30 0,01107 3.2357 1.238 -173.1 435.6 8.701 6.8T 9,07 206T

39 0.01111 3.199q 1.229 -166.5 44W. T 9.018 6.92 9.19 Z062

40 0.01116 3._663 1.221 -159.9 453.0 9.ZS2 6.96 9.31 Z05T

32 0.01126 3.0937 1,203 -1_6,4 ;?2,8 9.712 7.06 9.53 2046

46 0,01136 3.02;; 1.16_ -132,6 692.1 10.160 7.12 9.75 2035

;6 0.011;6 2.9_66 1,165 -116,0 511.3 10,58T 7.23 10.01 ZOZ2

48 0.01157 2.8906 1.1;5 -104.6 531,6 11.018 7.33 10,24 2010

50 0.0116T 2,8269 1.125 -89.7 552.3 11.460 T.41 10.;6 1992

52 0,011T8 2.T656 1,106 -24.6 5?3.4 11.855 T.50 10.68 1985

5_ 0.01189 2.7071 1.083 -59,2 595.0 12.262 ?.ST 1|.86 19T2

56 0,01201 2.E5|5 1.061 -;3.3 617.Z 12.666 7.6_ 11.02 1960

50 0.01Z13 2.5990 1.0_0 -2?.4 639.5 13.058 ?.TO 11.25 1968

60 0.01224 2.5;99 1.018 -11.3 662.2 13.632 7.T6 11.32 1937

65 0.01255 2.4753 0.9691 30.2 720.6 14.377 7.93 11.63 1920

70 0.01282 2.3895 0.9170 73.1 T80.8 15.269 8,16 12.23 1893

T5 0.01319 2.3173 0,8665 11T,6 863.1 16.129 8.43 12.65 1865

80 0.01352 Z.2338 0,818T 163.9 902.5 16.959 8.7k 13.10 1835

85 0.01386 2.1803 O,TT43 ZIZ.O 9T;.1 27.TGT 9.08 13,5T 1005

90 0.01620 2,1219 O.T327 262,1 1063.2 18.556 9.46 14.05 1?75

95 0.01655 2.0737 0,6939 316.3 1114.6 19.3Z9 g,Gs 14,52 1748

100 0.01691 2.0336 0.6570 368.4 1108.4 20.085 10.23 16.97 1724

120 0,01638 1o9310 0.5405 605,6 1506._ Z2.980 11,76 16,61 1653

140 0.01r90 1.8886 0.6565 866.3 1869,0 25,618 12.65 [T,5S 1619

160 0,01935 1.8907 0*3891 1133,4 2203*; ZT.984 12.98 12.62 1612

180 0,0Z102 1,9181 0.3390 1402,8 2558,6 30.OTT 12.90 17.67 16Z0

ZOO 0.02257 1,9596 0.2998 1666.6 2908.2 31.918 12.63 1T.30 1638

220 0.0Z613 2.0095 0,2685 1922.6 3250.0 33,5_? lZ.29 16.09 1662

240 0.02569 2.06k8 0.2331 2170.8 3583.6 34.998 11.9T 16.51 1687

260 0.02?2; 2.1280 0.2220 2_12.0 3910.1 36.305 11.T1 16.17 1T15

280 0.02878 2.1975 0,2039 2647.4 6230.6 37.693 11.50 15.89 1T43

300 0.03039 2.2687 0,1899 2863.? 6536.1 38.526 11.13 15.53 1280

350 0.03;24 2._553 0.1605 3618,7 5301,8 60.886 10.83 15.13 1852

400 0.03805 2.6;66 0.1390 3959.? 6052,6 ;2.893 10.69 14.92 1922

_50 0.06185 2.8304 0.1228 ;393,7 6795.Z 64.643 10.63 16.81 1969

500 0.04562 3.0358 0.1100 5023.8 T533.0 46.199 10.59 13.73 2055

550 0.0;939 $,2322 0.0997 5553.2 8269.6 47.601 10.58 13.70 2120

600 0.05315 3.629_ 0.0912 6081.1 9004.1 48.8Tfl 10.57 14.68 2182

TO0 0.06065 3.8259 0.0779 T136.4 10371.9 51.162 10,60 16.69 2302

800 0.06813 ;.2237 0.0681 8196.3 11963.6 53.106 10.67 14.75 2416

900 0.07562 6.6252 0.0605 9265.1 13323.9 56.848 10.79 16.86 2524

1000 0.08310 5.0272 0.0565 103;6.4 14916.7 56,423 10.96 15.01 2627

1200 0.09805 5.83;9 0,0313 12562.5 17955.5 59.180 11.31 15.38 2817

1;00 0.11302 6.6_62 0.0389 14858.9 210T4.8 61.588 11.73 15.01 2993

1600 0.12T98 7._601 0.0331 12239.8 232T8.8 63.705 12,16 16.22 31ST

1800 0,16295 8.2760 0,0303 19703.7 ZTSGT,I 65.603 12.51 16.60 3313

2000 0,1fiT93 9.0933 0.0273 22253,T 30939.9 6T.;66 12.90 16.99 3461

2500 0.19530 11.1312 0.0219 28999.7 39?51.0 73.721 16.11 18.26 3T96

300_ 0.2336; 13.1933 0.0182 36602.2 _9_52.5 80.624 16.40 20.?? ;087

• TWO-P_ASE BOUNDARY
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55.00 MPA ISOBAR

TH[RMOOYNAMIC PROPERTIFS OF PARAHYDRDGEN

TEMPERATURE OENSIIY V(DMIOV_ V(CP/DU_. -V ORIDV_ -(3V/OT_IV THERMAL; CONOUCTIVITY

BEG, K KG/CU H KJIKC MPA-CU _IKJ MpA 1lOnG. K WIK-H
X 10" x 10

26.646 94,5718 19_2.1 0.22975 344,1_62 0,00180 208.55

Z? 94.4505 1960.6 0.228_9 342°5778 0.00381 20_.&3

20 94.0893 1983.8 0.22505 338.0_17 0,00385 212.]I

29 93.725/ 2005.4 0,22103 333.4476 3.0038_ 2]_.53

30 93.3597 2024.0 0.21089 328.8612 0.00_9_ 216.35

31 92,9915 2043.6 0.21600 32_,26_2 0,00_97 217.00

3Z 9Z.6ZlZ 2021.4 0.21324 339.6741 O.O0_Ol 217.3_

33 92,2489 2077._ J.21065 315.0841 3.0O_0S 217.52

34 91.87_6 Z09_.8 0.20818 310.5035 0.00_0_ 31/.54

35 91.4983 2107.1 0.20581 305.9372 0.00_12 217.3&

36 91.1Z02 2120.3 0.2035_ 301.3902 0.D0_15 2:7.07

37 90.?W03 2132.7 0.20137 296._672 0.00420 216.63

30 90.3586 21_3,7 0.1993_ 292.3729 0.00423 216.07

39 89.9752 2152.8 0.19752 287.9117 O.OOwZl 215.42

40 09,5903 21E1.2 0.19578 203._879 3.00_31 214.69

_Z 88,8157 2177.1 0.19235 274./696 0.00_38 212.95

_ 88.0353 2193.1 0.18887 266.2_99 0.00_45 211.01

46 01.Z_98 2Z16.1 0.18_55 257.9587 0,00452 20_.92

_8 86.W597 2235.2 0.18071 2_9.9233 3.00_5_ 206.76

50 85,6657 Z253.1 0.17705 242.1683 0.00_6_ 204.5_

52 04.8607 ZZ?0.1 0.17353 234.7155 O.O0_TO Z02.30

_4 8_.0_95 2Z86.8 _.17011 22F._835 O.O04Tb 200.08

5& 83.2691 2303,1 0.16683 _20.7075 0.00_81 19T._8

58 82._607 2318.6 0.16374 214.3387 0.00_85 191.73

60 01.6692 2335.7 0.16060 208.2_46 0.00_89 193.90

65 79.6560 2406.1 0.1532W 197.1767 0.00491 190.35

70 77,7140 Z_78.4 0.14461 185.6980 3.00494 187.23

75 75.8132 2565.5 0.13565 175.6810 0.00_93 104.50

80 73.9677 _56.4 0.12670 165.9722 0.00_93 182,3Z

85 7E.1689 2158.0 0.11810 157.3462 0.00492 183.52

90 70.4197 2865.4 0.11000 149.4223 0.00_90 184,76

9_ 68.7183 2982.1 0.10252 142.50Z7 0.00_01 186.10

100 67.0733 3104.5 0.09576 136.4020 0.00482 189.87

120 61.0551 36_.0 0.07538 117,8980 0.00_58 Z0_.1_

140 55.855W _0_4.1 0.0643_ 135._773 0.00_31 213.23

160 51.4027 4452.2 0.05833 97.1866 0.00_00 _14.89

180 _7.5849 _757.1 0.05520 01.2726 0.00371 213.86

ZOO _,2982 5011.1 0.05357 86.8068 Q.303_ 211,96

220 _1.4370 5238.2 0.05271 83.2688 0.00322 210.29

Z_O 38,9298 9457,9 0.05215 80°3804 0,00302 Z09._2

260 36.7130 5692.8 0.05164 78.12_4 0.00_8_ Z09.57

_80 $k,lk_Z 5947.8 0.05105 76,3489 0.00267 210.7_

300 32,9061 6104.8 0,05188 74.6540 0.00254 212.82

350 29.208_ 6764,3 0.05071 71.71_6 O.O0?Z_ ZZI.ZT

_00 26,2794 7k64.3 0.04949 69.5512 0.0020_ 232.80

_0 2].8912 8188.1 0.0483_ 67.8786 0.00181 2_6.21

500 21.9189 0916.3 0.04738 66.5_09 0.00165 260.59

550 20.2k77 9651.0 0.04655 65.4444 0.00152 275.b7

600 18.81_2 10390.2 0.0_583 64.5288 0.00141 291.20

700 16.4894 11889.1 0.0_459 63.0873 0.00124 323.2_

800 1_.6771 13_28.0 0.04348 62,0060 0.00110 _56.38

900 13.22_8 15021.2 0.0_2_2 61.1673 0.00099 390.53

1000 12.0163 16674.3 0,04138 60.4995 0.00090 _0.56

1200 10.190_ 20161.6 0.03987 59.5066 0.00076 511.13

1_08 8.0_83 23880,8 0.03751 58.8073 0.00066 983.31

1600 7.8136 27740.2 0.03593 58,2902 0.00058 655.32

1800 6,9953 31701._ 0.03k63 57.8931 0.00052 726,85

Z000 6.3319 35830.4 0.03343 57,5781 0,000_7 800.26

Z500 5.1157 _7596.5 0.03028 96.9949 0.00338 1020.1_

3000 _.2001 6_306.6 0.02598 56.4680 0.00032 1400.61

• TWO-Pd&$E BOUMOERY

C-3

VISCOSITY THERMAL DIELECTRIC PR_NOTL

OICF_SIVITV _ONSTANT NUMBER

KGIq_S 50 M/MR

X 1] _

601.68 0.00107 1.31434 2.1378

581._? 0.00107 1.31388 2.074_

532.32 3.00106 1.31257 1.9159

490.14 3.00105 1.31125 1.7832

49_,00 3.00109 1.30992 1.6705

422.79 3.00104 1.30859 1.5810

3RS.6S ].0010_ 1.30725 1,5042

371.90 3.00101 1.30590 1,4376

350.08 0.00100 1.30495 1.3794

332.47 0.0009_ 1.30319 1,3281

315.90 3.00097 1,30183 1.2839

301.26 O.O00q6 1.300_6 1.2_47

288.03 0.00095 1.2990_ I._097

276.09 3.0009_ 1.29770 1.1781

265.29 0.00093 1.29631 1.1499

2_6.52 3.000_1 1.2935_ 1.1033

230,82 3.00080 1.29073 1.0669

217.52 0.000_6 1.28791 1.0419

206.1_ 0.000_ 1.28508 1.0210

196.31 0.00082 1.28_2_ 1,0042

187.73 0.000_0 1.279_Q 0.9907

180.19 0.0007_ 1.2765_ 0.9798

173.51 3.00077 1.27370 0.9708

167.55 _.00076 1.2r085 0.9629

16Z.21 0.00075 1,26801 0.9553

150.82 0.00073 1.2608_ 0.9372

142.00 0,0007I 1.25_03 0.9281

134.76 0.00069 1.2_735 0.9242

128.76 0,00068 1,2_088 0.9254

123.66 0.00067 1.23_60 0.9145

119.Z8 0,00067 1.22851 0.9072

115.48 0.00067 1.22261 0.9010

99.99 0.00068 1.21691 0.7885

103.03 0°00073 1.19625 0.8302

102.11 0.00078 1.17858 0,8k06

100.1_ 0.00084 1.16399 0.8306

98.3_ 0.00092 1.15084 0.8123

97.12 0.00100 1.1399_ 0.7929

96.54 _.00108 1.13051 0,775_

96.56 9.00117 1.122Z9 0.7611

97.09 0.00127 1.11506 0.7_93

98.05 0.00137 1.10866 0.7392

99.36 0.00150 1.10272 0.7252

10].79 0.00180 1.09082 0.7099

109.32 0.00214 1.081W6 0,7007

115.54 0.00250 1.07388 0.6949

122.19 0.00?90 1.06762 0.6910

1_9.11 0.00333 1.06236 0.6884

136.19 0.00380 1.05786 0.6865

150.61 3.00_0 1.0505_ 0.684_

165.13 0.00593 1.0_93 0.6835

179.98 3,00715 1.04042 0.6834

143.88 0.0087_ 1.0367_ 0.6605

221.91 0.0117] 1.03107 0.6677

2_9.10 0.01501 1.02692 0.6751

275._6 0.01861 1.0237_ 0.6018

301.05 0.0225] 1.02124 0,6876

325.9_ 0.0?678 1.019_1 0.6919

38_.5Z 0.03932 1.01550 0.6900

4_2.39 3.05E73 1.01296 0.6559
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C _ rHF_MOqVh_HIC PROPFRTIES OF P_AHYOROGEN

GC.JU HP_ ISOBAR

TEMPERATURE #OLUME I$0TH_H ISOCHORE INTEPNAL ENTHALDY ENTROPY CV CP VELOCITY

3ERIVATIVt _E_IVATIVr EN_PGY OF SOUNO

_EG, K CU MIKG CU M-HPAIKG MPA/K Kj/KG-K KJIKG KJ/KG-K KJ / KG-_ MIS

27,55) 0.010W6 ].BS_G 1,33_ -2_2.1 ]9).6 5,911 6.09 7,_9 Z169

28 0.CIOW_ 3o_07_ 1.333 -229._ ]96,9 G.03l _.1] _.56 2167

29 O.OIOS_ 3.77_1 L.3_g -72_._ WO_,5 6.29q 6._3 7.73 216_

30 0.G1056 3.7_ 1._2_ -719.0 _lh.l 6.5h_ 6._1 7,88 2161

31 0.CI060 ]./CbJ k.31g -215,k WZS.] 6.87_ 6._3 8,03 _157

32 0.0106_ 3.ETPC 1.313 -707.7 _30._ 7,082 6._ 8.18 2153

3J 0.01058 3,737_ 1.306 -_01.9 _3_.6 7.336 6.5_ 8,37 21_9

3_ 0.01072 ]._CT& 1._00 -t_h.O _7.0 7.58_ 6,6_ 8,_6 21_

35 0,bi076 ],SET/ 1.79] -19_,0 _55o6 7.833 6,6q 8.59 21k0

]b 0,01080 3._]_7 1.285 -t_.9 wbW,_ 8.077 6,/6 8.72 2135

37 0,0108W _,_71 1.27_ -17?.6 W73.0 8.318 6.8_ 8,85 _131

38 0._1089 3._*_Z', 1,27_ -171,3 _8L.9 8.5_ b._7 8.97 _176

39 0.0109] $._ZIW L.P61 -ZEW,9 k90.q _,790 6.9_ 9,08 21Z1

_0 0,010_8 3,_2_ 1.253 -t_ok 503.1 q.071 6,9_ 9.1q 2116

_ 0.01107 3.Z_ _.236 -1_5._ _1_.? 9._75 7.05 9.kl 2106

_ _,_111_ 3.P5_1 1.217 -131,? 53_.? 9,918 7,1_ 9,63 Z096

_6 0.011_5 3°186_ 1.19_ -115._ 55_.7 10.319 7._5 9.88 Z003

_8 0.01115 3.120_ 1.180 -[0_.2 576.7 10.Z6_ 7.35 10.10 2071

50 0.011_5 3.0557 1,160 -89,7 597,1 11.1S1 7.h_ 10,32 2059

57 0.01155 2.9932 1.1_0 -7_.8 615.0 11.590 7,53 10,53 Z0_7

5_ 0.01165 Z,9329 1.119 -5_.? 639.2 11.99_ 7.60 10,73 2035

56 0.01175 2._751 1,099 -_,1 661,1 12.390 7.68 10.92 ZOZ]

58 0°01186 _.8199 I._78 -28°k 683.2 17o?F6 7.7W 11.10 _011

60 0.01197 2.7_76 1,057 -1_,6 705°5 13.156 7°fil 11.2T 1999

65 0,0127_ _.Ekq8 1,00_ _8.1 76_°0 th,OT5 7.9_ 11.70 1970

70 0,0125_ 2,5870 0.9585 _0,_ 823.0 1_,96k 8.21 12.17 195_

75 0.0178_ 2._083 C.9089 11_._ 88_.8 15.816 8°_8 12.56 1027

80 0.0131_ 2._7_ 0.8616 160,2 qk8,7 16,6_1 8.80 12.99 1901

R5 0.013W5 2.378h 0.8168 207.9 101,.7 17._ 9.15 13._6 1871

90 0.01376 Z,32¢_ 0.7751 757.6 1083,3 18.275 9,52 13.9_ 18_3

95 0.01_08 2._690 0.7361 309.3 115_.1 18.991 9.q? t_.kt 1816

100 0.01_0 2.2209 0.699_ 363.1 1727°3 19.7_3 10.31 1_.88 1790

1_0 0.0157k 2.1021 0.5771 59_._ 15_3.5 22.6_3 11.81 16.52 1715

zko 0,0171z Z.0_11 0.h886 857.6 1885.0 75,250 12.71 17.51 1677

160 0,0185_ 2.0338 O,_ZOI 11_6.7 2738.9 77.613 13o0_ 17,81 1667

180 0.01896 2.0523 0.3668 1396._ 2593,8 _9.70_ 12o96 17.66 1677

ZOO 0.0Z138 2.0865 0o32k9 1660.7 79_3,_ 31,5_5 12.69 17.31 160F

720 O,OZZSO ?.1327 0.291_ 1917.2 3285,k 33.175 12.35 16,90 1F08

2_0 O,OZWZZ 2°1830 0.7638 2165.9 3619,2 3_.627 12,03 16.57 1731

260 0,0256_ 2.2398 0.2_I1 2_07.7 39h6,0 35.9]6 11,76 16.19 17_6

_Sd 0.02705 2,3_3 0.2218 26_3.8 _266.9 37.125 11.55 15,92 1763

300 0.0785_ 2.37_6 0.Z067 2861.0 _577.3 38o156 11.16 15.55 1819

350 0+03205 2,_5_ 0.17k7 3W16.2 5]39.0 w0.519 10,86 15.16 1868

_00 0.0355_ _.7_1 0.151_ 3958.3 6090.9 _2.529 10.72 l;.9k 1956

_50 0.03_02 2.9351 0.1337 _k93.1 683_.2 kk.281 10.65 1k.82 2821

500 0.0_Z_8 3.1280 _.1197 5025.0 7573.7 _5.838 10.61 1k,75 2885

550 0.0_593 ],32?? 0,1085 _55_.1 8]0_,7 _F.Z_l 10.60 1_.71 21_7

600 0.0k937 3.5175 0.0992 508_.5 90_.6 _8.519 10.59 1k.69 2208

700 0.0552_ _.9107 0.08_8 7138.7 10517,9 50,78_ 10.62 1_,69 Z316

800 0°06309 _._066 0.07_1 8199.3 1198_.q 51.7_8 10.69 1_,75 Z_38

900 0.06995 _.7_6 0.0659 9265.6 13_65,_ 5k._90 10.80 1_.86 Z5_

1000 0.076_0 5,1045 C._593 10350._ 14958.2 56,065 10.95 15.01 2665

IZO0 0,09050 5.90P5 0.0_9_ 12567,1 17997°0 58,827 11,32 15,38 783_

1_00 0o10_20 6.71_9 0.0_2k 1_863,9 21116.1 61.210 11.7_ 15.81 3_07

1600 0.11191 7°_28& 0.0371 172_5.1 2_319.9 63.3;6 12.15 16.2_ 3171

1800 0.13163 8,3h23 0.0330 19710,2 27608,0 65,2_5 12,5_ 16.60 3375

ZOO0 0,1_535 9.1580 0.0797 22259.2 3098_.3 67.087 12.90 16.98 3k72

7500 0°17976 11.Z028 0.0738 79000.8 39786.2 73.360 1_.10 18.23 3807

30_0 0.11k71 13.P5_6 0,0199 36577.3 _9_59.7 80.253 16.31 20°66 k096

= Tw3-PdASE BOUNDARY
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60.00 HPA ISOBAR

IENPERATURE OENSIIY VIDH/OV)
P

BEG. K KG/CU H KJ/KG

4 Z/.559 95.5951 2051o5

28 96._408 206_.7

29 95.0398 2087.0

30 94.7308 21cq.1

31 9W.3319 213_,_

32 94.0253 2150.q

33 93,6670 21E9.b

3_ 93.30?0 2187.2

35 92.g_55 22C_._

36 92.552W 2219.3

37 92.21rg 2233°_

33 91.8519 2266.8

39 91.W845 2257.8

hO 91.11S8 ZZ68,G

_Z 90,37_6 2287.k

_4 89.6286 73C&.6

_6 83.8782 2333.1

_0 80.1239 2355.3

50 87.3663 2375.9

52 86,6059 2395.3

54 35.8434 2_1_.1

56 85,0795 2k32.I

58 8_,3151 24_8.g

60 83,5509 2_67.1

65 81.6W80 2521,4

70 79,72r_ 2609.0

75 77.8890 _699.G

80 76.0998 2807.6

85 74.3631 2914,_

90 72.6669 3032.0

95 71.0221 3155.6

100 69,W259 32_0.8

120 63.5332 3024.0

1W0 58._025 _272.0

160 53.9490 _650.9

180 50,1062 4952,2

ZOO _6.7707 5ZC0,3

ZZO 43.3530 5425._

240 41.2843 56_1.9

260 39.0033 50@7.3

280 36.9667 6114.0

300 35.0602 6263.9

350 31,2041 6920.1

400 26.1346 7618.7

450 25.6289 8342.0

500 23.5414 9069.9

550 21.7735 9804._

600 20.2558 10543.3

700 17.78Z0 12041.8

800 15.0493 13581.0

900 14.2966 15173.2

1000 13.0213 16826.3

1200 11.0499 20314,4

1400 9.5966 2h034,7

1600 8.4807 27895.1

1800 7,59F1 313_6._

ZOO0 6.8798 _5983.1

2500 5.5631 477GI.8

3000 _,6575 64183.0

• TWO-PHASE BOUNDARY

THEPHC)YNAMIC PROPE'_TIES O: PARAHYOP_GEN

VIGPICU) -V(OP/DV) -(0V/BTIIV THFRMAL VISCOSITY THERMAL ][ELCCTRIC PRANDTL

V _' }' CONOUCII#ITY _[;FJSIVITY CONSTANT NUMBER

MPA-CU _/KJ MP_ I/BEG. K WIK-H KG/4TS _Q H/H_
W 10_ w 13 x 10'

0.22930 365.3665 0.0036_ 217.73 63_.02 0.301C Q 1._1_03 2.1@A5

0.72776 363.3_51 0.00_67 218.92 610.W_ 3.0010) t.317_7 2.1094

0.22_41 358.8@02 0.3037) 221.30 555.99 J._OIO_ 1.3162] 1.9517

0.22134 35w.3530 0.00_74 223.25 515.14 3.0010_ 1.314q _ 1.8182

0.21834 349.8125 0.00377 223._8 477.W_ 0.0010_ 1.31363 1.7119

0.21547 349.2615 0.00380 224._3 6_.87 0.0010_ 1,31733 1.6210

0.21279 343.7062 0.OO_q] 224.64 _1E.47 O.0010h 1.31104 1.5423

O.ZiUZ3 336.1516 0.0038? 22W.7_ 391.56 0.0010S 1.30973 1.4736

0.20779 331.&027 0.00_q0 224.60 364.60 O.O010I 1.30842 1.4137

0,20545 327.0642 0.0039_ 22_.33 350.12 0.0010_ 1.30711 1.3612

0.20321 322.5406 0.00196 223.82 332.77 0.0009_ 1.3057_ 1.3I_g

0.20113 310.0367 0.00399 223.3q 317.25 0.000q_ 1.30W47 1.2730

0.19926 313.5566 0._0402 222.T6 303.Z9 3.000_7 1.3031, 1.2367

0.19747 309,I046 0.00405 222.0_ 290.6q J.oooq5 1.30181 1.2036

0.19396 300.3011 0.00_11 220.32 268.91 _.oooq3 1.79914 1.1437

0.09042 291.6575 0,00_17 218.38 25C.78 0.00091 1.29645 1.1057

0.18605 283.2026 0.J0_21 216.29 235.52 O.OOOBq 1.293?5 1,075_

0.18217 274.9634 0.00429 214.10 222.53 ).DOOR7 1.2910_ 1.0501

0.17848 266.964E 0.00434 211.06 _11.35 _.OOOBq 1.2883) 1,02R7

0.17494 259.2269 0.00440 209.00 201.66 3,000_3 1.25560 1,0132

0.1115_ 251.7707 0,_0445 207.34 lgB.[? 0,0008t 1.2823_ 1.0000

0.16824 244.6121 0.00449 205.t0 185.69 Q.0007_ 1.28015 0.9890

0.16515 237.7642 0.00453 202.91 179.0_ _.0007_ 1.27742 0.g796

0.16202 231.2365 0.00457 201.04 173.11 0.000?? 1,27_70 0.9708

0.15386 216.35_0 0.00464 197.50 160.71 0.00074 1.26794 0.9520

0.14637 206.2574 0.00_65 194.06 150.75 0.00072 1.26114 0.9418

0.13753 195.3693 0.00465 191.18 1_2.87 O.OOC?O 1.25465 0.9383

0.12868 186.2454 0.0046] 188._5 136.37 0.00069 1.24835 0.9379

0.12007 176.864_ 0.00_62 190,03 130.91 0,00068 1.24726 0.q272

0.11199 168.6176 0.00460 Iq1.23 126,21 0.00068 1.23634 0.9199

0.10_51 161.147_ 0.00457 192.55 122.16 0.00068 1.23060 0.5144

0.09769 150.1_77 0.004_4 197,07 10k.23 0.00069 1.22506 0.7872

0.07669 133.5510 0.00432 213.40 107.32 0.00073 1.20473 0.8307

0.06583 119.204t 0°00410 220,17 106.17 0.00f7_ 1.18771 0,84_6

0.05973 109.7236 0.00383 221.33 103.08 0.00083 1.17215 0.@358

0,05647 102.8377 0,00357 219,2_ 101,75 0.00089 1.15925 0.8177

0.05h75 97.5868 0.0033) 217.41 100,21 3.00097 1.1k813 0.7980

0.05378 93.5038 0.00311 215.3C 99.35 0.00105 1.13847 0,779_

0.05314 90.1241 0.00293 214.06 qg,L2 0.00113 1.13001 0.7648

0.05258 87.3592 0.00276 213.58 _9.4k 0.00122 1.12253 0.7529

0.05197 _5.1829 0.00260 214.78 100,22 0.00131 1.11589 0.7430

0.05283 83.2541 0,002k8 216.53 101,38 0.001_3 1.10969 0.7280

0.05153 79,7700 0.00219 224.70 105.55 J.00171 1.C9723 0,7119

0.05020 77.2052 0.00196 236.0_ 110.95 3.00202 1.08738 0.7022

0,04896 75.2225 0.00120 _49.4h 117,13 3.00236 1.0793_ 0.6960

0.04793 73.6366 0.00163 263.92 123.80 0.00274 1.07276 0.6918

0.0_703 72.3365 0.00150 279.19 130.78 0.00314 1.06717 0.6889

0.04626 71,2505 0.00139 294.90 132.98 0.00357 1.06235 0.6869

0.04494 6g,5398 0.00127 327.72 152.70 0.00452 1.0_62 0.68_6

0.04377 68.2560 0.00109 361.71 167,59 3.00557 1.04858 0.6836

0.04267 67,2599 0,0009_ 3_6,32 187.47 _.00672 1.04375 @.6034

0.0_159 66,4660 0,00089 N40.56 197.24 0.00817 1,03979 0.6720

0.03953 65.2883 _.00076 5t1.13 226.26 0.01083 1.03369 0.6800

D,03763 64._$9C 0.00066 583.31 Z$4,47 3.01384 1.029Z2 0.6897

0.03604 63.8466 0.00058 655.31 281.80 0.01715 1.02579 0.6977

0.03472 63.3771 O.O00$Z 726._I 305.52 3.02075 1.02300 0.7046

0.03351 63.0054 0.@@047 800.08 33_.45 _.07_65 1.020_8 0.7100

0.C3038 62.3218 0.0003_ 1017.99 396.58 @.036t3 1.01606 0._104

0.02615 61.724_ 0.000]2 1389.57 455.88 3.05198 1.01410 0.67@0

t
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65,00 NPA ISOBAR

THEP_(;3Yr;_MIC PPOPFRTIES OF PAR_DROGEN

IEMPERATURE VOLUME ISOIHERH ISOCNORF INTERNAL ENTHALPY ENIROPY C¥

DERIVATIVE DERIVATIVE ENERGY

DEG, K CU HIKG CU M-HFA/KG HPAIK KJ/KG-K KJ/KG KJIKG-K KJ

25._4_ 0.01036 W.C022 1.362 -22_,0 wW9, 5.96k 6.16

29 0.01_35 3,98_b 1.359 -221.1 453,_ 6,1tQ 6.21

30 0.01041 3,952_ 1,355 -?15._ _61,0 6, _ 6.30

31 0.01045 3,91_7 1,349 -?10,4 _6_.9 6. _1 6.39

32 0,010_9 3.886_ 1.3_] -20_.8 _76._ 6,886 6.47

33 0.01053 3.R53_ 1.332 -I9:_.1 _5.1 7,137 6.55

34 0.01056 3._198 1.330 -193.3 _93,_ 7,385 6°62

35 0.01060 3,78_0 1.323 -187._ 501.9 7.630 6.69

36 0.0106_ 3o7520 1,316 -181,4 510°_ 7,872 6.25

37 0*01065 ].7179 1,30g -175,3 019, I 8,110 6°82

38 0°01072 3.6835 1.301 -16g,1 528.0 5,3_5 6oBT

39 0°010?6 3°0494 1.29] oLEZ,S 536.9 8,577 6°92

_0 0.01081 3._1_1 1,284 -156._ 545,9 8.806 6o97

_Z 0,01089 3._(_ 1.267 -1_3,5 564.] 9.255 7°06

44 0.01098 3,_7_8 1._4_ -130.2 5_3,2 9.693 7,14

k6 0._110& 3,_117 1.231 -117.2 601.9 10°110 7,?6

48 0,01115 J.3_56 %.212 -103,Z 621.7 10o530 7.36

50 0.01124 3._809 1.193 -88.9 6k1,9 10.9_2 7.46

52 0°0113_ 3._127 1.174 -7_.4 662,5 11.3_6 7.55

5_ 0,01143 3.15_ 1.154 -59,5 683,5 11°743 7,63

56 0.01153 3._971 1.13_ -_.1 705.2 12,137 7,71

58 0,01162 3.C_01 1,113 -BB,T 226.9 12o519 7,78

60 0.01172 2.90_ 1.003 -13.1 7_9.0 12°89_ 7,85

65 0,01198 2.860 _ 1,041 77,1 805.8 13,801 8.04

70 0,01225 Z.7527 _.9896 68.8 86k,8 14,676 8,2?

75 0,012_3 2.69_ 0.9_T9 112.2 926.7 15.530 8,$_

80 _,012_1 2.62_ 0.9006 157°5 990.1 16°3_8 5,86

85 0,01309 Z.572E 0.8561 20_.8 1055.8 17.1_5 9,21

90 0,01338 _.5105 0.81_1 254,1 11?3.8 12.9Z3 9,59

95 0,01367 Z._550 0.7T49 305.5 119_.2 18.654 9.98

100 0.0139T Z,_CB? 0.7382 359.0 1267.1 19.431 10o38

120 0.0151_ Z.2696 0.6121 59_,6 1582,1 22.298 11.89

1W0 0.01o_6 Z.1952 0.5204 852,_ 1921.3 24,915 1_.28

160 O._lTr5 2.175_ 0.4500 1121,1 2_75.1 27,273 13.10

180 0.01906 Z,1875 0.3937 1391,C _630,1 29o364 13,02

ZOO 0.02037 Z°2138 0,3493 1655,7 2979.6 31.?04 1Z.75

220 0.02158 Zo_5_6 0°313_ 1912,7 3321.6 32,834 lZ°40

240 0.02298 2.3018 0.2841 2161.8 3655,6 34.255 12.08

Z_O 0,02_28 Z.3531 0._592 ?kO_.l 3982°5 35,596 11,81

780 O.OZBB8 Z,4115 0,2_9_ 26_0,8 _303,? 36,78? 11,60

30_ 0.02_9_ _._814 0,223_ 2857,B 4608.9 37.516 11,20

350 0.03019 2.6583 0.1888 3_14.1 5326,6 40.182 10,89

_00 0.033_2 2,8423 0,1636 3957,2 61_9.3 4_.194 10,75

450 O.O3b6Z 3.0302 0.1_4_ 4_92.9 6873._ 43.948 10.68

500 0,_9_1 3,_205 0,1294 5025.5 7613, W 45,506 10,64

550 0,0_0 3, ;_5 0,1173 5555.3 8350.0 46.911 10,62

600 0.0_612 3, _58 0.1073 6054,_ 9085._ 48.159 10,61

ZOO 0,09250 3._954 0,0917 71_1._ 10554._ 50.494 10,63

800 0.05883 4.38_ 0.0801 8202.6 1Z026.2 52.419 10.70

900 0,0651_ _,7836 0,0712 9272.4 13506,5 5_°151 10,81

1_00 0,0_1_6 5.1811 0,0_t 1035_.7 14999.6 55.737 10,96

1_00 0,05_1_ 5.9_12 0.0534 12572.0 1803s,] 58.493 11,33

1400 0°096?4 6,706_ O,O_BS 1_869,3 2119T°3 60,901 11,75

1600 0,10939 7.5953 0,0_02 17250.8 ?_360.9 63.017 12,16

1500 0,1220_ -071 _.0357 19716.2 27648°8 64.916 12.53

2000 0,13470 . _10 0.0322 222_5.1 31020,6 66°T58 12,91

2500 0.1664_ 11 7623 0.0258 29003.0 39821._ 73,029 14.09

300d 0.19867 13.3096 0.0215 36556.7 49_70.5 79.913 16,24

IWO-PI_SE BOUNDARY

CP VELOCITY

OF SOUND

/ KG-K NIS

T.57 Z215

T.66 2211

F.81 Z213

7.96 2210

8.10 2206

6.24 2203

8.38 2199

8.51 2195

8.64 2190

8.76 2166

a.5s Ztsz

8.99 21T7

9.10 2173

9,31 2163

9,52 2153

9.76 Z142

9*99 2130

10,Z0 Z118

10o41 2106

_0.61 Z899

,0.79 2083

10.97 2071

11,15 _099

11,58 2029

12.00 1999

12._6 1984

IZ:,91 1956

13.36 193Z

13,84 1984

14.33 18_7

14.29 1853

16.46 1773

1_.49 1732

1T.29 IT19

17.66 tfZ2

17.32 t734

t6*91 17S3

16.52 IT14

16,20 1T97

15.94 1821

15.97 1858

15,17 192_

14,95 1969

_W.84 2052

.76 2114

• 72 2175

• .69 2234

14.70 2350

14,76 2460

1_,86 2564

15.01 2664

15,38 2850

15.81 3022

16.22 3183

16,60 3337

16.98 3483

18,21 3816

Z0.57 4106

L
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65.00 MPA ISOBAR

THERMODYNAMIC PROPERTIES O_ PARAHYOROGEN (?-2

TEMPERATURE OENSIrY V(OM/DV_ V(DP/DU _r -v(OP/DV) T -(OvIOT_/# THERMAL VISCOSITY THERMAL DIELEGTRIC PRANDTL
-- CONOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

DEG, K KGICU M KJ/KG MPA-CU _IKJ MPA IlOEG, g W/K-N KG/M-S _Q M/HR
X 10_ X 103 X 107

Z8,NWg 96.5666 21_9.1 0,Z2897 386,W808 0.00352 226,5; 671.06 0.0011_ 1.32157 7.2;29

29 96.3708 21_3.7 0°27708 38_,03_1 0o0035_ 227.87 637.85 0.00111 1.32089 Z.1;30

30 90.0369 2188.5 0,22388 379,5738 0.00357 279.95 58_.7& 0,00110 1.3196_ 1.9860

31 95.693_ 2212,6 0.22076 375.0909 0.00300 230.7? 539.38 0.00109 1.31839 1.8607

32 95,3_85 7?35,6 0.71778 370.590? 0.00367 231,79 500.29 0,0010_ 1.3171_ 1.7579

33 95,0072 2256.7 0.21500 366.0785 0.00365 231.55 _66.38 0.00106 1.31568 1.6602

3_ 9N.65_5 7276.7 0,21735 361.5592 0.0036_ 231.67 _36.78 0.00105 1.31_67 1,5795

35 9_,30_6 ?29_.6 0.Z0982 357.0376 0.00171 231.60 _10.78 0.0010_ 1.31335 1.5097

36 93,955_ 2313,_ 0.207;0 352.5185 0.00373 731.36 387.81 0.00103 1.3170_ 1,;_77

37 93.60_0 2330.0 0,20509 3_8.006; 0.00376 230._8 367._7 0°00101 1,31081 1,3935

38 93.7515 23_5.1 O.ZOZg_ 3_3.5058 0°00379 Z30.W? 3_9,23 0.00100 1.30953 1,3W55

39 97.0979 2350.1 0.20101 339.0708 0.00381 229°05 332.9_ _.O00qg 1°30825 1.3023

;0 92,5_32 7370,1 0.19918 33_.T5_7 OoO038N 229o15 318.27 _.0009B 1,30697 1,Z637

k2 91.8306 2393.1 0.1955T 325.7010 0.00389 227._3 293,03 0,00096 1.30_39 1.1995

_ 91.11_2 _15.6 0.19196 316.977_ 0°0039; 7_5._9 _72,1_ _.0009_ 1.301&0 1,1k_1

k6 90,39W2 Zk;5.9 0.18751 300°3978 0°00399 223.39 25_,6N 0,00091 1.29921 1.1130

;8 89.6710 Zk71.3 0.18358 300.00_1 0°00_0_ 221.18 239.82 0.00009 1.29660 t,0328

50 88,9_50 Z;9_.9 0.17985 _91.8155 0.00_09 218.91 227,13 0.00087 I._939_ 1.0583

52 68,2165 _517.C 0.1T629 283.85_0 0.00_13 216._2 216.1? 0.00085 1.29138 1.0335

5_ 8?.ks_ _538.2 0.17285 226.1393 O.OOkl_ 21_,3_ 206,6_ 0.00083 1.28876 1.022_

56 86.75_6 2558,; 0.16955 _68.6807 O.OOWZZ 212,0W 198._ 0.00007 1.2861W 1.0092

58 86.0223 2577.0 0.166w6 261.5165 0.00_Z6 209.80 190.83 0.00080 1.28397 0.9979

60 83°2_99 2596,8 0.16333 25_,63_5 0o00_29 207.89 18;.23 0.00079 1.78090 0.98?7

65 83.;_37 265W.; 0.15517 230.7_82 0.00_38 2ON. Z6 1T0.5_ 0.000?6 1.2?W39 0.9665

20 81.6539 7726,7 0.1_655 22;.??19 0.00_0 200.86 159.83 0.0007_ 1.26796 0.9552

75 79.809W 2831.2 0,13906 215.35W9 O.OOWkO 197,60 150,9_ 0.000?2 1°761W3 0.9519

80 70.0755 2938.8 0,13021 20;.9503 0.00_39 195.13 1_3.92 0.00070 1.29531 0.9_25

85 ?6.3879 30_?.0 0.12167 196.503_ 0,00W36 196.26 138.02 0.00069 1.7k939 0.939?

90 ?_.T32_ 3190.; 0.11359 187.626_ 0.00_3_ 197._2 133.01 0.00069 1.2_358 0.9326

95 73.1q02 3319,5 0.1061k 179._626 0,00_32 198,71 126.69 0.00068 1°23799 0.92?8

100 71.5315 3_55.3 0.09936 172.k15_ 0.00;28 203,9; 100.30 0.00069 1._3255 0.7856

120 65.82;5 ;017.1 0.07823 1_9.397Z 0.00_10 Z?0.50 111.;7 0.000?3 1.21261 0.8371

1_0 60.?_kZ _73.6 0.0670; 133.3902 0.00390 226,89 110.13 0.00077 1.19525 0.8_72

160 5b.3265 _8_5.1 0,06099 122.5338 0.00367 2Z?.bO 107.53 0°0008Z 1.18017 0,8_0?

180 52._598 _1_6.9 0.05763 11_.7553 0.003k3 225.58 105.10 0.000_8 1.1671; 0.8?Z?

ZOO _9.09_8 5388.9 0,05582 108.692_ 0.003Z1 Z22.76 103.27 0.0009_ 1.155&8 0.8028

220 _6.13k9 5610,8 0,05;?? 10_.01_7 0,00301 220.25 10_.1_ 0.00107 1.1k602 0,78_0

2;0 W3.51;8 5625,6 0.05_05 100.1616 O,OOZB_ 210.6_ 101.67 0.00109 1.13736 0.7683

260 W1.1807 60_5._ O.053NI 96.9032 0°0026_ 218.16 101.?9 0.00118 1.1_967 0.7560

280 39,0_81 b207.9 0.0527? 9_.2613 0.0029_ 218.79 10_._0 0°00126 1.12201 0.?_62

300 37.1199 6W22.2 0,053?5 92.1109 0.002;3 220._3 103.k2 0.0013T 1.11639 0.7307

350 33,12_0 7075,3 0,05233 88,0_78 0,0021; 228.12 107.33 0.00163 1.103N1 0.7139

;00 29.92_9 T?77.? 0,05089 85.05q5 0.00197 _39.26 112,59 0.00192 1,09317 0,?037

q$o _?,305; 8k95.? 0.0k9_6 82.7398 0.00175 792.6; 118.71 0.00275 1.08W?3 0.6971

500 25,11&? _223.q 0.0;8_5 80,8080 0.00160 76T.21 175._0 0°00259 1.07776 0.6926

550 23.2S85 9957.? 0.0_750 ?9.3692 0.001N8 282.66 132,;5 0°00297 1.07186 0.6895

600 21,6997 10696.6 O,O_b6& 78,1000 0.00137 290.71 139.75 0.00338 1.06681 0.68T_

?00 19.0_69 1219_,6 0.0_528 76.0993 0.00121 332.12 15_,77 0.00_27 1.05858 0.68_8

800 16,999_ 13733.; 0.0_05 ?_._967 0.00107 366.98 170,0; 0°0052T 1.0521T 0.6837

900 15,3506 15325.3 0.0;_90 73.k30k 8.0009? h03,00 105.35 0.00636 1.@_?03 0.683_

1000 13.993_ 16978._ 0,0_179 72.S016 0.00000 _0.56 200,60 0.00?55 1.0_Z81 0.683;

1200 11,8910 20k_6,9 0.03968 71.1217 0°00075 511.13 230,6_ 0.01006 1,03629 o._gho

1NO0 10.3371 Z;188,1 0.037?5 70,1517 0.00065 503.31 259.95 0.01285 1.03150 0.?0q5

1bOO 9,1kZO 230;9,_ 0,03613 69._362 0.00058 659,31 206.;? 0.01591 1.02782 O.?lkO

1800 0.19kl 32010.6 0,03k29 68.003; 0.00052 726,1T 816.23 O.0192W 1.02;91 0.1Z22

ZOO0 ?.N239 361_5.7 0,03358 68.k555 0.00047 799,93 3_3,27 0.0228_ 1.0275_ 0,7287

2900 6.0081 ;7811.9 0.030;6 67.66_6 0.0003_ 1016,11 _00,13 0.033;] 1.01877 0,7316

3000 5,0333 _;091.2 0.02631 66.99_1 0.0003? 1379.81 k?O,O? 0°0;797 1o01525 0,?009

TWO-P_&SE BOUNDARY

t
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C-2

70°00 HPA ISOBAR

THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN

TEHPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DEqlVATIVE DERIVATIVE ENERGY OF SOUNO

OEG. K CU M/KG CU M-MPA/KG MPAIK KJ/KG°K KJ/KG KJ/KG-K KJ I KG-K HIS

" 29.318 0.01026 _.1801 1.389 -215.9 502,1 6.014 6.22 7.65 2266

30 0.01028 ;.1790 1.365 -212.3 S07.3 6.191 6.29 7.75 2264

31 0.01032 ;.1278 1.380 -207.0 $15.1 6.;70 6.30 7.90 2261

32 0.01035 ;.0961 1.377 -201.5 523.1 S.701 6,46 8.0; ZZS6

33 0.01039 _.08_0 1.368 -195.9 531.Z 6.950 6.5k 8.18 ZZSk

37 0.01072 ;.0316 1.361 -190.2 S39.5 7.197 6.61 8.31 Z2gl

35 0,01046 3.9989 1.357 °104.5 5;7.8 7.439 6,68 8.;; ZZ;7

36 0.01050 3.9660 1.376 -178.6 556.3 7.679 6,75 8,56 ZZ43

37 0.01057 3,9329 1.339 -172.6 5bS, O 7.915 6.81 0.69 2239

30 0.01057 3,_996 1,331 -166.5 573.7 8.148 6.87 0.80 ZZ3S

39 0.01061 3._563 1.323 -160.3 582.6 8.378 6.92 8.91 2Z31

40 0.01065 3._328 1.315 -157.0 591.5 8.605 6.97 9.02 2227

;Z 0.01073 3.7558 1.298 -1;1.3 609.8 9.050 7.06 9.22 2Z18

kW 0.0108I 3.6990 1,280 -128.3 628.; 9.;8; 7.15 9.43 2200

;6 0.01009 3.6_25 1.262 -115.; 6k7.0 9,896 7.27 9.87 2157

;8 0.01097 3,_665 1.277 -101.7 666.S 10.312 7,38 9.89 2116

50 0.01106 3.5023 1.225 -87.6 686.5 10.7Z0 7°40 10.10 2175

52 0.01115 3.;389 1.205 -73.3 706.9 11.120 7.57 10.30 2163

54 0.01123 3.3770 1.186 -58.6 727.7 11.513 ?.65 10o49 2102

56 0.01132 3.3159 1.187 -73.5 749.2 11,503 7.73 10.60 2148

58 0.011;1 3.2586 1.177 -26.3 7T0.7 12.261 7.81 10.86 2129

60 0.01151 3.202; 1.127 -12.5 792.6 12.651 ?.88 11.03 2117

65 0.01174 3.0721 1.076 26.7 8_8.8 13,$52 8.08 11.46 Z007

70 0.01199 2.9572 1,026 68.0 907,2 14.417 8.32 11.90 2056

75 0.01227 Z.8583 0.975; 110.9 967,8 15.253 8,60 12.3; 2025

80 0.01251 _.8104 0.9375 155,6 1031.7 18.077 8.gZ 12,83 2011

85 0,01278 2.7389 0.8922 202.7 10q7,0 16.869 9,Z7 13,31 lgeZ

90 0.01304 _.6879 0.8500 251.6 116;.7 17.6k3 9.65 _3.77 19§8

95 0,01331 2.5_88 0.8108 302,7 1234.7 18o;00 10.05 14.24 1034

100 0,01359 2.5856 0.7738 355°9 1307.2 19.143 10.;; 14.72 tgog

120 0.01k72 2.q419 0.6;64 590.8 1621.0 21.999 11.96 16.;1 1830

170 0.01588 2°3428 0.5496 8;7.9 1959.5 24.606 12.87 17,k0 1781

160 0.01708 2.3086 0.;780 1116.6 2312.0 26.954 13.16 17.78 1766

180 0.01829 2.3219 0,7199 1386.6 2666.0 29.0;9 13.08 1F,65 1770

200 0.01950 2.3;30 0,3730 1651.6 3016.3 30.890 12.00 17.32 1718

220 0.02071 2.3767 0.3350 1909.0 3358.; 3Z.SZO 1Z.;b 16.91 1796

240 0.02191 2.4198 0,3039 2158.6 3692.5 33.97_ 12.13 16.53 1116

260 0.02312 2._681 0.2779 2401.3 4019.6 35.204 11.86 16,21 1837

280 0.02432 2,5196 0.2561 L:_38._ 4340.9 36.474 11,65 lY.96 18§8

300 0,02558 2.5891 0.2399 2855.1 46;5.7 37.S02 11.23 15,59 1896

350 0.02860 2°7699 0.2029 3_12,5 541_,3 39.671 10.03 15.19 19tg

400 0.03159 Z.9709 0.1758 3956.4 6167,8 41*805 10.77 14,97 2021

450 0,03457 3.1257 0.1552 k793.0 691Z.7 43.670 10.70 lk.85 208Z

500 0.03753 3,3133 0,1391 5026.3 7653,2 45.200 10.66 14.77 2143

550 0.0_078 3.S030 0,1260 5556.7 8390,2 460605 10.6_ lk.72 2202

600 0.043_2 3.59_1 _.1153 6086.3 9125°8 47.883 10.63 14.70 2268

700 0.04930 ;.0800 0,0985 717;.3 10595.1 50.150 10.65 14.70 2373

800 0.05516 ;.;_95 0.0861 8206.2 12067.6 52.114 10.72 14,76 2461

900 0,06102 ;.8621 0.0765 9276.6 13548.2 53.657 10.83 14.86 2563

1000 0.06688 5.2571 0.0669 10359.3 15041.1 55.;32 10,97 15.01 2661

1200 0.07860 6.0529 0.057; 12577.3 18079.7 $8.189 11.37 15.38 2865

1;00 0.09033 6.85;T 0.0;93 17875.1 21198.4 60.502 11.76 15.61 3035

1600 0,10207 7.6609 0.0;32 17257.0 2_;01.0 62.713 12.16 16.22 3196

1800 0.11381 8.7703 0,038; 19722.6 27689.3 6;.611 12.54 16.60 3365

2000 0.12556 9,2822 0.0346 22271.6 31060,8 66.453 12.91 16,98 369_

2500 0.15502 11.3197 0.0277 29006.2 39857.6 72.722 1;.08 18.19 3825

3000 0.18_92 13.3644 0.0Z31 36539,5 49_0402 79.598 16.17 Z0.49 k116

O TWO-PdASE BOUNOARY
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70*00 HPA ISOBAR

THERHOOYNANIC PROPERTIES OF PARAHYOROGEN
C-Z

VISCOSITY THERNAL DIELECTRIC PRANDTL

OIFFUSIVITY CONSTANT NUNBERTEMPERATURE OEHSITY V(DH/OV_ V|OP/DU_ -V(OPIOV) T -(ov/or_v THERNALCONOUCTIVITY

DE&. K KG/CU H KJ/KG NPAoCU _IKJ NPA 1lOEB. K NIK-H KG/N-5 5Q N/HA
x 10- X 103 x 107

+ 29,310 97.4967 2244,6 O.ZZ8T8 407.$491 0.00341 235.03 706.81 0.0011] 1.32496 2.2999

30 97.2698 2263.3 0.22652 kOk,5;79 0.00342 236,48 664.21 0.00113 1.32413 2.1/66

31 96.9362 2290,1 0.22326 400.1290 0.00345 237.30 609.63 0.00112 1.32292 2.0281

32 96.6013 2315.6 0.22016 395.685? O.O03kT 237.96 562.84 0.00110 1.32170 1.9017

33 96.2694 2339.2 0.21726 391.2231 0.00350 238.20 $22.44 0.00109 1.32047 1.7920

34 99,9283 2361.7 0.21492 386.7464 O.O03SZ 238.44 487.31 0.00100 1.31925 1.6983

35 95.5903 2302.9 0.21190 382.2602 0.0035; 238.41 ;56.50 0.00106 1.31002 1.6162

36 95.2913 2402.9 0.20940 377.7693 0.00396 238.20 429.5_ 0.00105 1.31678 1.5445

37 94.9113 2421.6 0.20701 373.2781 0.00359 237.8; ;05.62 0.00104 1.31095 2.;81k

36 94,5704 2439.0 0.20480 368.7910 0.00361 237*35 384,35 0.00103 1.31431 1._255

39 94.2287 Z454.0 0,20280 364.3122 0.00363 236.7; 365.36 0.00101 1.31307 1.3753

40 93.8660 Z467.9 0.20091 359.8499 0.00365 236.04 3_8.32 0.00100 1.31103 1.3306

42 93.1984 2494.5 0.19720 350,9664 0,00370 234.33 319.11 0.00098 1.3093; 1.2561

44 92.5017 2520.5 0.19390 3_2.1029 0,0037_ 232.37 295.00 0.00096 1.30684 1.197_

46 91.6141 2S94,6 0.10696 333.5229 0.00378 230.25 2?5.0; 0.00093 1.30433 1.1548

40 91.1160 2983.4 0,18498 329.0129 0,00303 226.02 258.15 0.00091 1.30182 1.1192

SO 90.4196 2610.1 0.18120 316.6769 0,0038? 225,?2 243.76 0.00009 1.29930 1.0902

S? 89.7[92 2635.1 0.17760 308.937? 0.00391 223.30 231.37 0.00007 1.29678 1.0666

04 69.0173 2659.1 0.17413 300.6190 0.00395 221.04 220.63 0.00005 1.29429 1.0474

56 88.3142 2681.6 0.17081 292.9268 0.00390 210.72 211.24 0.00083 1.29173 1.0315

00 07.6105 ?TO?.3 0.16771 205.488; 0.00;02 216.43 202.97 0.00082 1.28920 1.0160

60 66.9066 2124.0 0.16496 270.3130 O.O0;OS 214.49 199.64 0.00081 1.28660 1.0060

6Y 65.1001 2P86.0 0.15639 261.5869 0.00qll 210.78 160.52 0.000?8 [.28040 0.9818

70 03.4061 2862,2 0,14176 246.6504 0,00416 207.2? 168.78 0.00075 1.27418 0,9692

?S 01.6051 2954.4 0.13883 233.4195 0,00418 204.10 199.41 0.000?3 1.26807 0.9640

60 79.9139 3074.7 0.13156 224.9079 0.00417 201.[9 151.;2 0.00071 [.26180 0,9699

IS ?8,2693 3197.1 0.12292 214.3?57 0.00416 202.29 145.08 0.00070 1.25999 0,994;

90 ?6,6639 3330.2 0.11486 206,06?6 0.00413 203.40 139.71 0.00069 1.25033 0.9498

9S 75.1046 3481.5 0.10745 198,1074 0.00409 204.63 135.10 0.00069 1.24486 0.9;03

100 73,9071 3619.7 0.10068 190.2657 0.00;07 210.52 112.22 0.00070 1.23959 0,70;?

120 67.9484 4211.3 0.0?954 165.9205 0.00390 227.28 115.50 0.000?3 1.21994 0.833?

140 62,9710 4669.6 0.06796 147.5332 0.00373 233.;2 114,00 0.00077 1.20280 0.8497

160 56.5962 5027.6 0.06203 139.1813 0,00354 233,70 111.15 0.00081 1.18773 0,8496

100 04.6784 0338.3 0.05869 126.9984 0.00331 231.24 108.41 0.00006 1.17460 0.8276

200 $1.2917 5579.0 0.05679 120.1748 0.00310 228.00 106.29 0.00092 1.16322 0.8072

ZZO 40*2948 5794.6 0.09960 114.7806 0.00292 225.11 104.90 0.00099 1.15320 0.7882

240 45.6339 6007.1 0.09480 110.4232 0.00275 223.18 104.21 0.00107 1.14436 0,7719

260 43.2590 0226,3 0.05418 106.?565 0.00260 222.;0 104.13 0.00114 1.13650 0.7589

280 41,1164 6459,3 0.09348 103,9957 0.00247 222.79 104.58 0.00122 1.12946 0.7k90

300 39,0924 65?9,6 0.05464 101.2146 0.00231 224.21 105.45 0.00132 1.12203 0.7334

3S0 34.9676 ?230.0 0,05310 96.$405 0.00210 231.53 109.11 0.00197 1*10939 0.7199

400 31.6S42 7926,3 0,05155 93.0932 0.00189 242.50 114.23 0.0018k 1.09868 0.7052

450 28.9300 8649.0 0.05014 90.4261 0,00172 255.82 120.30 0.00214 1.00993 0.6903

500 26.6473 93?6.7 0.04096 08.2911 0.00198 270.46 128.99 0,0024? 1.00263 0.6935

$SO 24.?046 [0111.0 O.OkP�S 86.5392 0.00146 286.00 134.10 0,00263 1.0T649 0.6902

600 23.0296 10049.8 0.04708 85.0?;3 0.00139 302.36 141.50 0.00322 1.07114 0.6070

710 20.2892 22347.5 0.04560 82.7633 0.00119 336.47 156.81 0.00406 1.06247 0,6850

600 10.1205 13686*0 0.B4431 82.0261 0.00106 372.19 172.46 0.00901 1.09970 0.6830

900 16.36?4 15477.6 0.04322 ?9.6766 0.00096 409.31 108.22 0.00609 1.09026 0,6830

1001 14.9516 17130,6 0.04197 78.6020 0.00088 440.96 203.95 0.00707 1.04S78 0.6940

1211 12.7219 20619.3 0.03982 77.0053 0.00075 511.13 235.07 0.00941 1.03886 0.?0?3

1408 11.0702 24341.3 0,03785 79.0839 0.00065 503.31 265.52 0.01200 1.03376 0.7195

1600 9.7974 28203.1 0.03621 ?5.0570 0.00058 605.30 295.22 0.01485 1.02983 0.7306

[800 0.7666 32164.1 0.03466 74.4202 0.00052 726.74 324.17 0.01794 1_02673 0.7403

2000 ?.9643 36286.? 0.03364 73,9267 0.0004? 799*79 352,41 0.02129 1.02420 0.7461

2000 6,4S00 4?929.6 0.03053 73,0211 0.00038 1014.43 420.22 0.03111 [.01957 O.?S3P

3000 5.40?6 64029.0 0.02645 72.2696 0.00032 137[,13 489.01 0.04404 1.01639 0,7249
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C-2

8_._ MPA ISOBAR

TMERHCSYNAMIC PROPERTIES O_ P_RAHYOROGEN

TEMPERATURE VOLUHE IS01H{RM [SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

OERIVATIV_ OERIVATIVE ENERGY OF SOUND

OEG, K CU M/K6 CU M-MFA/K6 MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ t KG-K H/S

30.99_ 0,01008 _.52c8 1._1 -199,5 606.& 6,109 6.35 7,80 2358

31 0.01008 4.5758 1._41 -199.5 60_.6 6.109 6.35 7,80 7358

32 0.01_11 _,50C7 1.435 -194.2 614.4 _.359 6.4_ 7.94 7355

3_ 0.01014 4.k717 1.478 -188.8 677.5 E,605 _.52 8.07 2352

3k 0.01017 _.k_l_ 1.4Z1 -185.3 _30._ 6.848 6.60 8.20 7349

35 0.01021 4._1[9 1._14 -177.7 638.9 7.088 6.6T 8.33 23_6

36 0.01024 4.3_C_ 1.406 -172.0 64T,_ 7,]_k b,?_ 8.k5 73_3

37 0.01077 k.3_91 1.399 -166.2 655.3 7.557 6.81 8.57 2339

38 0.01031 4.3178 1.391 -160.3 _6_,4 7.787 6,87 0,68 2335

39 0.01034 4.2_E] 1,387 -15W.3 673.1 8.014 6,9_ 8.78 Z$32

40 0.01038 _.25_5 1.37k -1k8.3 68t,9 8.238 6,97 8._9 Z3Z8

_Z 0.010_5 _o19C6 1.357 -135.9 699.9 8.676 T.O7 9.08 73Z0

_4 0*0105Z W,1263 1.339 -123.2 718.] 9.103 7.17 9.28 Z312

46 0.01059 4.0620 1.3Z2 -110.8 736.5 9.509 7.29 9.51 Z302

46 0o0106T ],9_79 1.303 -97,_ 755.8 9,918 7.WO 9.72 2291

50 0.01074 3.93_2 L,_85 -83,8 7T5.4 10,319 T.51 9.93 Z281

52 0,01087 ].8712 1,766 -69.8 795.5 10,11_ 7.60 10.17 22T0

5_ 0.01089 3.8092 I._7 -55.5 81_.9 11.098 7,69 10.31 2259

56 0.&1097 3.7_F4 1.228 -_0.7 837,0 11.481 7.78 10,k9 22_8

58 0,01105 _.EBFB 1,209 -75.9 _5_.1 11.852 7.86 10,66 2238

60 0.01113 3.6305 1.190 -10.9 _79.6 17.217 T.�k 10.84 ZZZ6

65 0.0113_ 3,&936 1°141 27.9 934.9 13.101 8.16 11.Z7 Z197

_0 0.01155 3.3E90 1.092 68.3 997.4 13.953 8._1 11.72 716_

75 0.01177 3.25_0 1.0_3 110.5 105Z.1 14.777 8.71 1Z.18 Z135

80 0.01199 3.1609 0.99_9 154.6 111W.2 15.578 9.0_ 1Z.64 2103

85 g. OlZ_Z 3.0756 0.9473 Z00,7 117_.6 16.359 9.40 13.11 Z071

90 O.01ZWT _.C377 0.9169 749,0 1_46.9 17,140 9.78 13.66 Z058

95 0.01271 Z.97_9 0.8751 799.6 1T16,3 17.890 10°1_ 14.13 _033

100 0.01295 _.gZlZ 0.8370 352.3 1183.Z 18.6Z8 10.58 1_,60 2008

120 0,01393 2.76_5 0.7095 585.T 1699.9 Zt.k65 12,10 16,33 1932

140 0.01_93 _,6714 0.6055 8_Z.3 _03_.9 2_.060 12,99 17.27 1885

160 0.0159_ Z,567_ 0.5_7W 1110.3 _$87,0 Z6.397 13._9 17.71 18_9

180 0.&1701 2.55_? 0._8_ 1380.1 27_1.1 _8.483 13.Z0 17,68 18k9

ZOO 0.01807 _.5993 0.;183 1645o6 3091.1 30.3Z6 12.92 17.32 1866

ZZ0 0.01917 2.E204 0.376_ 1903.7 3_33.3 31.957 1_.57 16.92 18T8

Z40 0.02017 _.E518 0.3_19 215_,1 3?57.6 33.412 1Z.Zk 16.55 1893

260 0,0Z177 _._9=5 0.3131 7397,7 ;095.1 3_.7Z3 11.91 16.ZZ 1912

280 O.OZZZ6 2.7419 0.7886 Z635.8 _416.7 35.915 11°75 15.97 1930

308 0,0Z336 ?.80E7 0.Z7_3 2051,0 9720.1 36.935 11,30 15.62 1970

350 0.0Z500 Z.9_78 0._305 3k10.2 5490.3 39.309 10.99 19.22 Z0Z8

_00 O.OZ&6Z ].1398 0.1999 ]956.0 67_5,3 kl.377 10.83 15.00 Z085

45_ 0,03177 3.3179 0.1765 4_94.1 6991.k _3,086 10.75 14.87 21_

500 0.03300 ]._998 0.1581 5028.9 7?]3.0 4_.648 10.71 14,79 2199

550 0,03638 3._0_5 0.1_33 55_0,5 8_T0,9 46.054 10.68 1_.74 2Z_5

600 0.03895 ].8711 0,1310 _091.1 9207.Z _7.334 10o67 14,71 _310

TO0 0.0_08 W.299_ 0.1120 7151.0 10677.3 49.602 10.69 19.71 7418

800 0.049Z0 _.6316 0.0979 8714._ 17153.Z 51.567 10.75 14.76 25Z1

900 0.05431 5.0180 0.0870 9286.0 13631.0 53.310 10.86 1_,86 26_1

1000 0,059_3 5._076 0.0783 103_9.6 15123,9 54.805 11.00 15.01 ZT16

1Z00 0.06966 6.]941 0.0653 1_589.1 18162.1 57.642 11.36 15.38 Z895

1400 0°07990 6.9883 &.0561 14888.0 ZIZSO._ _0.049 11,78 15.80 306_

1600 0°09016 7,78E_ _.0_91 17_70.7 _4483.1 _Z,164 1Z.1B 16.21 3Z19

1800 0.10041 8.59_q 0.0437 19_36.0 77770.0 6_,06_ 17.55 16.59 ]370

2000 0.11068 9.3_58 0.0394 ZZZ86,0 31140°6 65.904 12.97 16.97 3513

2500 0.136_3 11._87 0.0316 29015.Z 39979.7 72.169 lk.06 18.16 38k2

3000 0.16758 13._672 0.0264 3_513.9 4951_.Z 79.037 16.06 78.36 4130
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i

80.00 NPA ISOBAR

]EMPERATURE UENSITY V(3H/DV_>

DEG. K KG/CU M KJIKG

* 30.999 g9.2WTW 2432.3

31 99.2W72 2432.4

32 98.9287 Z_E3.C

33 98.6096 2491,7

3_ 98.2098 2518.9

35 97.9695 2_,9

36 97.6467 2569.5

37 97,32/3 2592._

38 97.0055 2614.3

39 96.6832 2b33.3

40 g6.360w 26_I.1

42 95.7136 26B5.2

_4 95.0651 2?18.5

_6 9_.4152 27E0._

48 93.7638 279_.3

50 93.1112 7829._

52 92._975 2860.9

8W 91.8029 2890.6

86 91.1477 2918.5

50 90.4922 2944.C

60 89.8367 29?0.3

65 88.2001 3043.C

70 86.5721 3129.1

75 8_.9602 3Z31.1

60 83.3722 33k9.3

85 81.8151 3_2.3

90 80.1666 3622.4

98 F8.6848 3781.3

100 T?.22_3 3935.0

120 71.7961 4569.5

lqO 66.9708 5104.0

160 62.6633 5_CI.5

180 58.7805 8665.4

ZOO 55.3W29 5954.7

220 $2.3020 6161.1

2_0 49.5830 6363.3

Z60 41.1312 65_3.5

280 44.9199 6813.4

300 42,8013 6891.6

350 38._605 7537.1

WOO 34.9447 8231.9

k50 32.0350 8954.7

500 29.5836 9682.6

550 27.4879 10417.3

600 25.6738 11156.2

700 22.6868 12653.8

800 20.3262 1_191.8

900 18.k117 15783.0

1000 16.8270 17k35.7

1200 1_.3550 209E_.5

1_00 12.5580 2_6_7.4

1600 11.0919 285C9.6

1600 9.9587 3_k69.6

2000 9.0348 36587.9

2500 7.3Z97 48161.0

3000 6.1518 63952.0

• TWO-PHASE BOUNDARY

TH[RHOnYNAMIC PROPERTIES OF PARAHYOROGEN
C 2

v(OP/_U_, -v(DP/OV) T -(OVIOT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
"_ CONOUCTIVITY OIFFUSIVITY CONSTANT N_HBER

HPA-CU _IKJ HPA IIDEG. K WIK'M KG/M'S SQ M/MR
X 10" W 10 % X 10 7

0.22852 449.5687 0.0032[ 250.16 780.58 0.00116 1.33139 2.G329

0°2285? 449.5_6_ 0.90121 250.16 780.5_ 3.00116 1.33135 2°4328

0.22516 445.2908 0.00322 250.6_ 713.7q 0.00115 1.33019 2.2585

0.22204 &wo.g031 0.00324 251.28 656.67 0.00114 1.32902 2.1094

0.21907 436.5283 0.00326 2Sl.52 607.43 0.00112 1.32785 1.9807

0.2162S _32.1J10 0.00327 251.55 564.71 0.00111 1.32668 1.869_

0.21356 427.7161 0.00329 251.39 527.W0 0.00110 1.32551 1.7726

0.21101 423.2_80 0.00]30 2S1.06 _9_.63 0.00108 1.32434 1.6879

0.20863 418.8511 0.00332 250.59 _65.69 0.00107 1.32317 1.6131

0.20650 414.4095 0.00134 250.00 440.01 0.00106 1.32199 1.9_62

0.204_7 409.967_ 0.00335 249.31 _17.12 0.00105 1.32082 1.4868

0.20053 401.0970 0.00335 247.57 378.19 0.00102 1.31846 1.3878

0.19662 392.2698 0.00341 245.58 346.$0 _.00100 1.31611 1.3098

0.19192 3_3.5138 O.O0_kS 243.40 320.34 0.00098 1.31375 1.2519

0.18777 374.8552 0.q034_ 241.09 _98.49 O.O00q_ 1.31139 1.2037

0.18387 366.3183 0.00351 238.71 280.02 ).00091 1.30902 1,1643

0.18017 357.9256 0.00154 236.29 26_.26 0.00091 1.30666 1.1319

0.17661 3_9.6978 0.00357 233.86 250.70 0.0008_ 1.30429 1.1053

0.17323 3_1._$38 0.00360 231._4 238.9_ 0.00087 1.30193 1.0832

0.17007 333.8105 0.0036_ 2?9.05 229.63 3.00085 1.29996 1.06_5

0.16689 326.1830 0.00365 227.02 219.57 0.00084 1.29720 1.0W80

0.15866 308.1377 0.00370 223.1_ 201.10 0.00081 1.29132 1.0158

0.15001 291.6594 0.003?5 219.43 186.99 0.00078 1°28548 0.9987

0.1_10_ 276.8026 0.00377 216.05 179.89 0.000?5 1.27972 0.9916

0.13200 263.530_ 0.00378 213.19 166.95 0.00073 1.27_06 0.9902

0.12316 251.71S9 0.00376 21W.ZZ 159.60 0.00072 1.26853 0.9764

0.11696 243.1203 0.00377 21_.82 15_.93 3.00071 1.26269 0.9725

0.10926 234.2384 0.003?4 215.98 147.72 0.00070 1.28745 0.966]

0.10246 225.5857 0.00371 222.91 119.62 0.00071 1.25231 0.7835

0.08170 198.4820 0.00357 2_0.19 123.22 0.00074 1.23330 0.8380

0.0696_ 178.9029 0.00338 245.91 121.47 0.00077 1.21656 0.8532

0.06332 160.8803 0.00328 245.46 118.14 _.00080 1.20175 0.8523

0.06032 150.0471 0.00312 2_2.20 11_.85 0.00084 1.18850 0.8383

0.05851 143.8526 0.00291 238.Z0 112.22 _.0008_ 1.1760S 0.8158

0.05724 137.0497 0.0027_ 23_.62 110.35 0.00095 1.16661 0.7960

0.05632 131.4833 0.00260 232.07 109.24 0.00102 1.19750 0.7790

0.05550 127.0kll 0.00246 230,75 108.79 0.00109 1,1k933 0.7649

0.05468 123.1659 3.00234 230.67 108.91 0.00116 1.1kZ00 0.7538

0.05633 120.130_ 0.90227 231.69 109.92 0.00125 1.13500 0.7385

0.05457 llk.l_k? 0.00202 2_8.20 11_.68 0.001k7 1.12076 0.7199

0.05283 109.7182 0.00182 248.86 117.51 0.00171 1.10932 0.7082

0.0512_ 106.2877 0.00166 262.08 123._5 0.00198 1.09991 0.7006

0.09993 103.5380 0.00153 276.8_ 130.14 0.00228 1.09202 0.6952

0.048_0 101.2786 0.00141 292.78 137.36 0.00260 1.08531 0.6915

0.0_783 99.3867 0.00132 309.55 1_4.9_ 0,00295 1.07953 0.6888

0.0_620 96.3963 0.00116 3_k.98 160.92 0.00377 1.07005 0.6895

0.04480 9_.1_3_ 0.0010_ 382.45 177.29 0.00k59 1.06260 0°69kl

0.04352 92.3908 0.0009_ _21.69 193,92 0.00555 1.05699 0.6836

0.04231 90.9932 0.00086 _h0.56 210.68 0.0062m 1.05163 0.7177

0.04006 88.9164 0°00073 511.13 2_k.07 0.00834 1.0_393 0.73k2

0.03803 87.4589 0.0006_ 583.31 276.98 0.01062 1.03822 0.750_

0.03636 86.3863 0.00057 655.29 309.25 0.01312 1.0338Z 0.7652

0.03_98 85.5686 0.00051 726.60 3k0.83 0.0158] 1.03033 0.7782

0.0337_ 8_.9259 0.000k6 799.56 371.72 0.01877 1._27_9 0.7891

0.03065 83.7689 0.00038 1011.56 _46.17 0.02736 t.02226 0.8011

0,02668 82.8_7_ 0.00032 1356.2_ 517.44 0.03899 1.01866 0,7766
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C 2

90.Q0 HPA IS03AR

TMERMOOYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE VOLUHE ISOTHERM I50CHORE INTERNAL ENTHALPY ENTROPY CV CP YELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

OEG, K CU HIKG CU M-MPA/KG MPA/K KJ/KG-K KJIKG KJIKG-K KJ I KG-K HIS

32.61_ 0.00@91 _,8726 1.W92 -182.9 709.3 6.191 6.48 7,94 Z4WW

33 0,00_93 _.8621 1,q69 -180.9 71Z._ 6.291 6.51 7.99 2;_3

3_ 0.009q6 _.03_5 t.k82 -175.6 720._ 6.531 6,59 8,12 Z_I

35 0,_09g9 W,m@E5 I.;1_ -I70,1 72B,6 6.769 6.61 8.2_ Z_3e

36 0.01002 _.7780 1.466 -164,6 736,9 7.003 6.7_ 8,36 2_35

37 0.01005 _,7kql 1.458 -158,9 7_5.3 F.233 6.81 8,_8 2132

38 0,01000 _,7190 1.450 -153.2 753.9 T._61 6.87 8.59 2_29

39 0.01011 _._902 1.4W1 -147._ 762.5 7.685 6,9] 8.69 2;26

;0 0,0101; _.{602 1.432 -1_1.5 7T1,3 7.907 6.98 8.79 8_23

12 0.01021 k.599b 1._15 -129.4 789.0 8,3_0 7,08 8.98 2;16

;4 0._1027 ;,_382 1.397 -117.1 807.2 8.762 7.1_ 9.17 2_08

k6 0.01033 _._TE_ 1.379 -10w.9 _25oZ 9.163 7.31 9,;0 2399

_B 0,010_0 k._1_3 1.360 -91.9 84_,2 9.567 7._2 9.60 2389

50 0.010_7 W.3522 1.3_2 -78.5 863,6 9,963 7,53 9,80 2379

52 0,0105_ k.2904 1.323 -64.9 _3._ 10.351 7.63 9.99 2370

5_ 0.010_1 _._290 1.301 -50.9 903.6 10,731 7.73 10,17 2359

56 0,01068 q,1_84 1.286 -36.k 92_,3 11.109 7,82 10.35 23;9

58 0.01075 h.1087 1.267 -21.9 9_5,2 11,475 7.90 10.51 2339

60 0.01082 _.0500 1.2_8 -7.2 966,q 11.835 7,98 10,68 2328

65 0.01100 3.9093 1.201 30.8 1020.9 12,707 8.21 11,11 2300

70 0.01119 3.7786 1.153 70.6 1077.6 13.5_7 8.40 11.57 2270

75 0.01138 3.E557 1,105 112,2 1136.6 14,361 8.79 12,0_ 2238

00 0,01158 3.553_ 1.058 155.8 1198.0 15,153 9.1W 12.52 2206

65 0,01178 3.1592 1,011 201.5 1261.8 15,927 9,52 13.00 2174

50 0.01199 3.3767 0.96_8 2_9.3 1328._ 16.68_ 9.91 13.q6 21_3

95 0.01219 3.3041 0.9199 299.3 1396.6 17.425 10,32 13,93 2112

100 0,012_3 3.2_90 0.0965 351.4 146_,9 16.176 10,71 1_,53 218_

120 0.01329 3,0669 0,7615 583.5 1779.? 20.996 12.23 16.2; 2018

140 0.01;18 ?o9_13 0.6595 839.6 2116.1 23.587 13.13 17.2; 1978

160 0.01508 2.8959 0.5722 1107.7 2_6_.6 25.913 13.;W 17.55 19_5

180 0.01599 2.7697 0.500_ 1377.0 2816.1 27,983 13.34 17.63 1913

200 0.01693 _,7672 0._587 16_2,3 3165.9 29,826 13.04 I7°60 1921

2Zg 0.01787 2.8_92 0._I57 1900.9 3509.1 31.;62 12.69 16,95 1951

2;0 0,01880 2.0914 0,3760 2152,1 3_4_.1 32.920 12.36 16.55 1968

260 0.01q72 2.q172 0.3463 2396.6 W1?1,6 3_.231 12,0& 16.24 1980

Z80 0.0Z065 2o9541 0.3196 2635,; _;91.5 35._2k 11,86 15,99 1995

300 0.02163 3,0270 0.30;2 28_8.3 _T95.1 36.437 11.36 15.65 20;2

350 0.02397 3.1770 0.2578 3k09.2 5566,6 38.815 11,0_ 15,25 2095

_00 0.02629 3,3k04 0.2236 3956,6 6323,0 _0.836 10.88 19.02 21_7

_50 0,02860 3.511_ 0.1975 k_96,3 7070.3 ;2.598 10.81 11.09 2200

500 8.03090 3.687q 0,1769 5032.; 7813.0 k;.162 10.75 1;.81 2253

550 0.03318 3.8667 0.1603 5565.3 8551.6 ;5,570 10.73 1k.75 2396

600 0.035_6 k,0_86 0.1k66 6097,0 9288.5 46.851 10,71 1_.72 23$8

700 0.0;001 _._178 0.1253 1158.7 [07_9.5 ;9.120 10,73 1_,71 2_61

800 0.04_55 4,7929 0.1096 8223.7 12232°8 5|°0_6 10,79 1_,76 2561

900 0.0_900 5,]726 0.097_ 9296.5 13713,S 52,828 10.89 _;,86 2657

1000 0,05362 5,55E1 0.0877 10381.2 15206.6 5_.;01 11,03 15.01 27%9

1200 0.06269 _.3323 0.0731 12602.3 182;_.k 57.160 11.39 15.37 2921

1_00 0.07177 ?.1179 0.0628 11902.; 21362.0 59.567 11.80 15.80 3_87

1600 0.08087 ?.9107 0.0550 17206.0 2w564.0 61,682 12,20 16.21 32;1

1800 0,08997 8.7088 0._k90 19752.8 27850.2 63.579 12.57 16,59 3398

2000 0,09909 7.5111 O.Ok4Z 22302,2 31219.9 6_.120 12o94 16.97 3531

2500 0,1219_ 11._300 0,035_ 79027,3 _0002.2 71,6_3 14.09 18.13 3897

3000 0.1_512 13.5613 0.0296 36197,5 k9558.7 70.53k 15,98 20,2; _1_;
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90.00 NPA ISOBAR

TMERNOOYHAMIC PROPERTIES OF pARAHYDROGEN

C-Z

TEMPERAIURE DENSITY V(DHIDV_ V(OPIDU) V .VIDPIDV) T -(DVIOT_/V CONDUCTIVITyTHERMAL VISCOSITY OIrFUSIVITyTHERMALDIELECTRICcoNSTANT PRANDTLNUMBEQ

OEG, K KGICU M KJIKG MPA-CU _IKJ MPA IlDEG, K WIK °H KGI_-S SQ M/MR
x 10 _ x 103 x 107

J 32.61_ 100.8714 2616.W 0.22833 w91.5039 O.O030w 263.61 857.52 Q.OQIIB 1,33730 2,5839

33 100,7531 2629._ 0.22707 _89.8700 0.0030_ 263.77 827.99 0.00118 1.33687 2.509%

34 100._61 2661.Z 0.2238_ W85.6133 3.0030_ _64.08 759,30 _.00117 1.33975 2.3340

35 100,1_01 2691.8 0.22082 681.3228 0.00306 264.16 700.18 0.00115 1.33_67 Z.1852

36 99.8333 2721.1 0.21794 kT7.0030 0.00307 26_.0W 6k8,95 0.0011_ 1.33350 2.0556

3? 99,5264 27_8.9 0.21519 _72.6586 0.00308 263,73 604.29 0.00113 1.33238 1.9_28

38 99.2193 2T7_,7 0.21265 N68.2939 0.003%0 263.28 565.12 0.00111 1.33125 1.8636

39 98.9121 2797,8 0.21036 _63.9132 0.00311 262.69 530.59 0.00110 1.33013 1.755_

_0 90.60_8 2819.6 0.20819 k59,5205 0.00312 261,99 _99.99 0.00109 1.32900 1.677W

W2 97.9099 2061.3 0.20398 _50.7152 0.00314 260.22 kkO.WO 0.00106 1.32676 %.SkT?

_k 97.3?_5 2902.1 0.1998w _1.9079 0.00]16 256,16 k06.86 0.0010_ 1.32_51 1.Wk56

66 96.7587 2951.9 0.19_92 _33.1268 0.00318 255.91 372.06 0.00101 1.3_227 1,3690

68 96,1_26 2995.2 0.19059 W2k.3983 0.00321 253.52 3_.72 ].00099 1.32003 1,3053

50 95,5262 3035,k 0,1865k k15.7_?0 0.00323 251.0_ 321.1W 0.00097 1.31778 1.2531

52 94.9095 3073,2 0.18270 _07.1958 0.00325 2k8,52 301.17 0.0009k 1.3155k 1.2101

54 9_.2927 3109,1 0.1790_ 398.7661 0.00327 2k5.98 28_,10 0.0009_ 1.31330 1.17h6

56 93.6758 31k2.8 0.17557 390.477_ 0.00329 293.45 269.39 0.00_0 1.31107 1.1_50

50 93.05]0 3173,6 0,17236 382.3_78 0.00331 Z_0.96 256.61 0.0008_ 1.30583 1.1198

60 92._26 3205.0 0.16910 3?4.393? 0.00]33 238.83 2k5._3 O.O00e? 1,30660 1.0978

65 90.9061 3289.9 0.16078 355.3662 0.00330 23_.76 222,87 0.0008_ 1.3010_ 1.0552

?0 89.37_0 3]87.9 0.15207 33?.70_1 0.00361 230.85 205.89 0.00080 1.29553 1,0316

75 87,85_5 3501.5 0.1_308 321.5186 0.003_ 227.26 192.71 _.00077 1.29008 1.0209

80 &6,35_5 3631.k 0.13602 306.83_8 0.003_5 22_.18 182.23 0.00075 1.28671 1.0178

85 0_.8T90 3T76,9 0,12513 293.6117 0.0014k 225.18 173.71 0.00073 1.279_3 1.0032

90 83._336 3935,9 0,11663 281.7316 0.003_2 226.16 166.66 0.00072 1.2T_28 0.9933

95 02.0230 _105.k 0.10869 271.011_ 0.00339 ZZ_.Z_ 160.73 0.00072 %.26927 0.9856

[00 80.4651 6237,4 0.10603 261._332 0.003_3 23_._0 126.52 0.000?2 1.26375 0.70_3

_20 ?5.2353 w9_.3 0.082?2 230.8806 0.00330 252.31 130.51 0.00074 1.2_532 0.8900

1_0 I0.503_ 549_.3 0.07124 210.1927 0.0031_ 257.78 128.61 0.00076 1.22880 0.8601

160 66.3292 5892.5 0.06_18 192.0795 0.00290 256.71 12_.87 0.00079 1.21905 0.8538

180 62,5W00 6008.2 0.0609_ 1?3.21&0 0.00293 252.76 121.11 0.00003 1.20132 0.8k50

ZOO 59.0710 EZO0,8 0.0595; 163o4613 0,0028_ 2_8.05 118.00 0.0008? 1.109_8 0,827&

220 55.9659 6502.8 0,05852 159.6606 0.00261 2_3.05 115.69 _.00093 1.17895 0.80_2

2_0 53.1923 6?34.3 0.05750 153.798_ 0.002_6 2_0.73 116.19 0.00090 1.16960 0.7051

260 50.7026 6935,2 0,0565_ lk?.908_ 0.00234 238.91 113.39 0.0010k 1,1612_ 0,T707

280 _8._373 7157.2 0.05566 1_3.0900 0.002Z3 238.39 113.22 0.00111 1.15360 0.7592

300 66.2315 7199.7 0.05793 139.94_3 0.00217 239.0_ 113.57 0.00119 1.1_634 0.?k35

350 _1.716T ?_;1,3 0.05595 132.S35_ 0.0019_ 266.93 116.2k 0.00139 1.131_3 0.7238

NO0 38.Q322 8535.3 0.05_02 127.0_13 0.00176 255.13 120.70 0.00161 1.11936 0.7112

k$O 36.96_k 92_8.7 0.05228 122.7753 0.00161 268.21 126.58 0.00185 $.10938 0.7029

500 32,3671 998T,5 0.05083 119.3503 0.001_0 203.00 133.26 0.00213 1.10098 0.69T0

550 30.1370 10723,0 0.0_959 116,5315 0.00138 299.30 1_0.56 0.002_2 1.09380 0.6928

600 28.1996 11_62.5 0.04853 11_.1675 0.00128 316,52 1_8.32 0.0027_ 1.08?59 0.6898

?00 2_.99k? 12960.? 0.04675 110.w230 0.00114 353.26 16_.75 0.003_6 1.07737 0.6861

800 22._605 1_98.6 0.0_52k 107.59kk 0.00102 392.50 181.95 0.00626 1.06930 0.6863

900 20.37W_ 16089.6 0.0k388 105.3896 0.00092 k33.85 199,57 0.00516 1.06276 0.6037

1000 18.6513 17762.0 0.0k260 103.6291 0.00085 k_0.56 217._0 0.00_6T 1.0573_ 0,7k05

1200 15.9516 21230.6 0,06026 101,0106 0.000?2 511.13 253.25 _.00T50 1.06890 O.T617

1_00 13,9327 26953.6 0.03318 99.1723 0.00063 583.30 288.09 0.0095_ 1.06262 0.7825

1600 12.3659 28815,3 0.036k6 97.822_ 0.00056 655,28 32_.06 0.01177 1.03776 0.8017

1000 11,11W6 32773.5 0.03506 96,7950 0,00051 726.63 358.65 0.01419 1.03389 0,818T

2000 10.0923 36887.5 0.03381 95.9893 0.000_6 799,36 392.61 0.01680 1.0307_ 0.8336

2500 8.2006 _8_0_.0 0.03076 9k.5520 0.0003? 1009.19 _76.83 0.02_3 1.02_93 0.8532

3000 6.8906 63938.3 0.02687 93.k_58 0.00032 1363.93 593.83 0.03_69 1.02092 0.0341
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]OF] HP'A i S3F_" R

THFPMO_YNAMIC OROPFRTIES OV PARAHYOPOGEN

TEMPERATURE VCLUME ISOTMERM ISOCHORE IP_TERNAL ENTMALPY ENTROPY CV CP VELOCITY

2E_[_ATIVE ]ERI_?IVF ENERGY OF _OUNO

OEG. K CL MIKG CO H-MFAI,C MFC/K KJIKO-K KJIKG KJIKG-K KJ I KG-K N/S

• 34.16_ 0.00971 _._oq_ I.SWZ -166,3 81Q.W 6.279 6.60 0.00 75Z7

35 0.00@/9 5.18_1 1.535 -1_1.9 817,2 6._76 E.66 8.18 25Z5

36 0.009_2 9.)618 i._ -156.5 825.# 6.706 6.73 6.30 25Z2

37 0.009_5 5.1350 1.517 -151.0 833._ 6.935 6.81 8.01 ZSZO

38 0.0095_ _.lC7b L._38 -1;5o4 _;Z.2 7.161 6,87 8,52 2517

3) 0.00@g0 5.f801 1._q9 -135.? 850,8 7,J8_ 6.93 8.62 _51k

_0 0.00933 5.C52C I._gQ -53].9 _59.5 7.633 6.98 8.72 Z511

W2 0.00@99 _.c9_ :,_72 -122.1 57?.I 8.0]3 7.09 8,90 7505

_ 0.01005 _.c3E _ 1.453 -110.1 895.1 8._52 7.19 9.09 Z490

_6 0.0101t _._773 1._3_ -98._ _13.0 8.8_8 7.32 9.31 2_90

_8 0.0101? _.817_ t.415 -85._ 931._ 9.2_9 7._ 9.51 Zk81

50 0.01023 _.7573 1.3_6 -72.3 951.0 9.641 7.55 9.70 2_72

52 0.0102_ _.Fq71 1.377 -58.9 970.6 10.025 7.66 9.88 2k62

5_ 0.010_b +..;_g 1._ -_5.2 99_.5 10.k01 7.76 10.06 2_53

56 0._1Q_2 _.5771 1.34_ -31.0 1011.1 10.775 T.85 10.23 Z6_3

58 0.010_8 _._178 1.321 -1G.T 1031.7 11.137 7.93 10.k0 Z_33

60 0.01055 4._! _.30_ -_,Z I05_.? 11._93 8.02 10.56 2_23

_5 0.01071 _.31_9 1.255 35.2 1106._ 12.355 8.25 10.99 23_6

70 0.01088 _.IH26 l._oq 74.3 1162.6 13.1_5 8.5_ 11.4k 7367

75 0.01106 4.0%E1 1.162 115.4 1221.0 13.991 8.87 11.92 2336

80 0.01123 3.9_ 1.116 158.5 1281.0 16.776 9.23 lZ.kl Z$Ok

85 O.0llWl 3.S_31 L.070 203,9 13_5.1 15.543 9.6_ 12.91 ZZl2

90 0._160 ].755_ 1.OP_ _51._ 1_11.0 16.296 10.03 13._1 ZZ_O

95 0.01178 3.6737 C.9796 301.2 1_?_._ 17.0]k 10._4 13.89 7210

100 0.01197 3._035 0.3357 353.3 1549.8 17.T58 10.86 1_.34 2181

120 0.01276 3.3346 0.8066 58_.0 1860.0 Z0.580 12.38 16.19 Z088

140 0,01355 3.]_87 0.?030 839.3 2194.3 23.155 13.28 17.Z5 Z039

160 0.01_37 ].1972 0.6180 110t.5 Z5_.5 Z5._93 13.59 17.53 Z031

l_O 0.01517 3.11_3 0.5_39 1377.3 2_93.9 27._51 13.49 17.42 2005

200 0.01597 2.050Z 0._914 16_2.2 3_39.6 29.37Z 13.18 17.36 1971

270 0.01684 2.941_ 0._8_ 1980.6 358_.7 31.017 12.8Z 17.09 1981

Z_O 0.01768 3.08E5 0._119 Z152.3 3_20.5 32._78 12._8 16.60 2026

260 0.01852 3.1323 0.377_ 2397,5 _2_9.? 33.79h I2.gO 16.26 ZO_

280 0.01934 3.16_ 0.3488 2637._ _571.Z 3_.988 11.97 19.99 Z05T

300 0.02024 3.2500 0.3354 28k7.0 4870.5 35.991 11.;_ 15.67 211Z

350 0.0223_ 3.3_83 0.28_6 3_09.3 56_3.3 38.3T3 11.10 15.28 2159

_00 0.07443 3.5_2& 0.Z_70 3958.2 6400.9 40.398 10.9_ 15.05 ZZ00

hSO 0.07650 3.7063 0.218_ _499.3 71_9.3 _2.162 10.86 1_.92 2297

500 0.02556 3._759 0.1955 _036.7 7892.9 _3.?78 10.80 1k.8Z 7306

550 0.03061 4.0_97 0.1771 5570.9 8637.3 45.137 10,77 1_,77 7356

600 0.03266 _._26_ 0.1620 6103.7 9369.9 _6*_19 10.16 1_.73 Z_06

700 0.03674 4.58E6 0.1385 7167._ 108h1.7 _8.690 10.77 14.?2 7506

800 0.040_2 4.g536 0.1210 8233.g 12315._ 50.656 10.8_ 14.76 Z599

900 0.0_k88 5.32_1 0.1076 9308.1 13796.5 52.399 10.93 lk.86 7692

lOeO o.0_895 5.703_ 0._968 10393.9 15289.Z 53.97_ 11.06 1_.01 Z761

IZO0 0.05716 6.(,EI_ C.0_08 19616.8 18326.5 56.730 11.47 15.37 2951

lq00 0.065_5 7.2_Zq 0.069_ 1_9_,2 21_3._ 59.136 11.83 15.80 3110

1600 0.073_ 8.C28_ 0.0609 1730Z.8 2_6k4.6 61.251 12.23 16.Zl $262

1800 0.08160 _._2Ce 0._5_2 19770._ 27930.0 63.1_8 12.59 16.58 3_08

ZOO0 0.08978 g.E1E5 0.0_89 22320.2 31_98.6 6_.988 1Z.96 16.96 35_8

2500 0.11033 11.6239 0.079_ 290_2._ _O07_.r 71.2_8 1k.05 10.11 3571

3000 0,13115 13._Eq 0.032_ 36_88._ _9603.9 78.0_9 15.91 ZO.tk _156
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TO0 NFA ISOBAR

TENPERATURE DENSITY ViDH/DV)
P

OEG. K KG/CU M KJ/KG

3_.169 102.3875 ?79B,3

35 10Z,1WIT 2BZ5,5

36 101.8Wb0 2059.W

37 101.5504 7891.7

30 101.2550 2921.8

39 100.9598 29_9.0

40 100.6647 297_.8

42 100,0751 302_.3

44 99.4861 3072,7

_6 98,8928 3130.6

48 98,3099 3181.3

50 97.7Z26 3228,6

52 97.1359 3273.1

54 96.5496 3315.5

56 95.9639 33_5,2

58 95.3788 3391,6

60 94,79k3 3;?8.5

65 93.3370 352b,b

70 91.8870 3632.?

75 90.4400 3763.4

80 89.0241 3905.9

65 67.6Z03 4064,Z

90 86.241_ _Z36.7

95 84.8920 4421.2

100 63.5T60 _6%;.;

120 70.3682 52;6.8

140 73.799; 5791.3

160 69.5909 6312.1

180 65.9363 6578.;

200 62.60Z4 652_.4

220 59,3817 6650.9

240 56.5559 703b.?

260 54,0061 7278.9

280 51,7071 T513._

300 49.4193 7504.2

350 44°7643 81_2.5

_00 40.9308 8636.;

450 37.7361 9561.1

500 35°0120 10291.3

550 32.6639 11028.1

600 30.6169 11768*7

700 27.Zt61 13268.3

800 24.5007 14806.7

900 22.2T95 1639T.7

1000 ZO.4ZT7 18050.G

2200 17.51_1 21538.1

1400 15.3253 ?5260.6

1600 13.6206 29121.1

1800 12.2556 33076.7

2000 11,1379 37185,9

Z500 9,0641 48652.2

3000 7.62;6 63967.6

• TWD-P_ASE BOUNDARY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

V(DP/DU) -V(DPIDV} -(OVIDTI/V THERMAL
¥ T P CONDUCTIVITY

MPA*CU _/KJ MPA t/DEG. K WIK-M
X 10" x 103

0,22030 533.3893 0.00?09 276. Z6

0.22560 529.9?03 0,00290 276.3;

0,22250 5?5.7090 0,00Z90 276,Z5

0,21955 521._6Z5 0.00Z91 279,96

0.21682 517.1855 0.0029Z 275.51

0,21436 512,8820 0.00?92 214,92

0.21203 508.556_ 0.00293 274.?0

0.2075_ 499.85;6 0.0029_ 27Z.$8

0,20314 491.1104 0.00296 270*25

0.19798 ;82.3525 0.00297 267.90

0,19345 473.6076 0.00299 265.41

0.18922 ;64.9006 0,00300 Z62.03

0.1852_ 456.2550 0.00]02 ?60.20

0.181k4 ;47.6927 0.00303 257,54

0,17T86 ;39.2340 0.00305 254.90

0.17454 430,8979 0.0030? 252.?9

0.17122 422.7017 0.00300 250.06

0.16Z76 402.9244 0.00312 245.78

0.15398 384.3249 0.00315 241,67

0.1_496 361.0497 0,0031T 237.86

0.13589 351.1813 0.00318 234.58

0.12700 336.7366 0.00318 235.5;

0.11848 323.6679 0.00317 236,46

0.11049 311,0664 0.00314 23T.48

0.10311 301.1690 0.00311 245.13

0.00312 261.3250 0.00309 ?63.79

0.07176 236.0605 0.00298 269.09

0.06536 2?2._929 0.00278 267,50

0,06114 205.3401 0.00265 ?62.90

0.05955 184,6887 0.00266 257,59

0.05898 174.6977 0.00257 252.00

0.05836 174.5602 0.00236 249,16

0.05737 169.1637 0.00223 246.88

0.05633 163.8406 0.00213 245.96

0.0594_ 160.6133 0.00209 246.25

0.05726 151.6740 0.00188 251.48

0.05515 145.0297 0.00170 261.29

0.05326 139.8609 0,00156 274,23

0.05168 135.7041 0.00144 289.17

0.05033 132.2775 0.00134 305.65

0.0;910 129.3991 0.00125 323.29

0,04725 124.8291 0.00111 361.32

0.04564 121.3674 0.00100 402.3;

0.04419 118.6628 0.00091 ;45.92

0.04285 116,4995 0.00083 440.56

0.04043 113.2774 0.00071 511.13

0.038Z9 111.0148 0.00063 583.30

0.03654 109.3547 0.00056 655.28

0.03512 108,0935 0.00050 726.59

0.03385 107.1068 0.00046 799.20

0.03080 105.3609 0.00037 1007.18

0.02702 104.0528 0,00031 1333.50

i"

°,
C-Z

ISCOSITY THERMAL DIELECTRIC PRANOTL

01FFUSIVITY CONSTANT NUMBER

KGIH-S SQ M/MR

X 107

937.81 0,00120 1.3_?8T Z.Tk36

870.90 0.00119 1.34192 2.5791

800.91 0.00118 1.34088 2.4065

740.27 0.00116 1.33980 2.?570

687.46 0.00115 1.33871 Z.1263

641,22 0.00114 1.33763 2.0108

600,50 0.00112 1.33655 1.9090

532.43 0.00110 1.33;39 1,7406

478.19 0.00108 1.33?23 1.6086

434,26 0.00105 1.33008 1.5088

398.20 0.0010_ 1.32793 1.4263

368.22 0.00100 1.32578 1.3586

343.02 0.00098 1.32364 1,3020

321,63 0.00095 1.32151 1,2565

303,31 0.00093 1.31937 1.2178

287.50 0.0009? 1.31T25 1.1849

2?3.74 0.00090 1.31512 1.1563

246.?4 0.00086 1,30984 1.1009

2?5*80 0,00003 1,30459 1.0690

210.1k 0.000?9 1.29940 1.0529

197,82 0,00076 1.29428 1.0468

187.92 0.00075 1.2892_ 1.0304

179.81 0.00074 1.28430 1.0197

173.06 0.00073 1.27948 1.0120

132.99 0.0007; 1.27479 0.7778

137.43 0.000?5 1.Z563_ 0.8_38

139.46 0.000?6 1.24029 0.8682

131.36 0.00079 1.22563 0.6611

127.19 0.0008? 1.21299 0.8429

1Z3.64 _.00085 1.20154 0.8333

120.93 0.00090 1.19054 0.812;

119.06 0.00096 1,18095 0.7933

117.94 0.00101 1.1723; 0.7760

117.48 0.00102 1.16461 0.7639

117.58 0.00114 1.15695 0.7403

119.76 0,00132 1.14148 0.7276

124.03 0.00153 1.12088 0.7143

129.68 0,00175 1.11040 0.7053

136,33 0.00201 1.10953 0.6989

143.70 0.00228 1.10193 0.6943

151.62 0.002_8 1,09534 0.6909

168.59 0,00325 1.08_44 0.6867

186,57 0.00400 1,07500 0.6847

205.17 0.00485 1.06876 0.6839

224.14 0.00517 1,06292 0.763;

262.64 0.00684 1.05378 0.7898

301.29 0.00867 1.04695 0.8159

339.74 0.01069 1.0;165 0.8403

377.78 0.01287 1.03742 0.862?

415.31 0.01523 1.03397 0.8814

506,73 0.02209 1.02758 0,9111

595.02 0.03126 1.02316 0.8988

I
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Table C-5b

Thermodynamic Properties of Coexisting Gaseous and Liquid

Parahydrogen (English Units)
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C-Sb I_(_FIO_¥NAMIG PPOPERTIES OF COEXISTING GASEOUS AND LIQUID PARAMYOROGEN

TLMPERAIURE PRESSURE [SQIH[RM ISOCMORE INTERNAL ENIHALP¥ ENTROPY CV CP VELOCITY SURFACE

DERIVAtiVE OERI@ATIVC ENERGY OF SOUND TENSION 5
OE_. R PSIA CU FI-PSIA/LB PSIAIR BTUILB BTUILB BTUILB-R BTU I LB -K FT/SEC LBIIN X 10

* 2W,8_ 1,02 2724.15 7w,W014 -132.907 -132.86/ 1.18663 %.117 1.521 W146 1.?077

24._45 1.02 128.17 0.0420 36,241 60,357 8.96636 1.484 2.513 1003

26 1,46 259_.[5 74.06_1 -I3t,081 -131,024 1.25848 1,149 1.596 4085 1.6469

26 1,46 13_.85 _.J578 37.?59 62.879 8.71777 1.487 2.532 1024

28 2.55 240_.46 72,2360 -127.744 -12T.644 1.36214 1.203 1o709 3979 1.5419

28 2,55 L4(,LC .._952 40.277 67.062 8.33642 1,496 Z.573 1057

30 W.17 21_,_9 ?0.8869 -12_.175 -124.009 1.50529 1.25] 1.844 ]860 1.4374

30 4.17 141.32 _.148D _2.632 70.977 8.00510 1.507 2,627 1087

32 6.45 1_97._9 6_.6_EG -120.361 -12_.109 1,628_5 1,29_ 1.984 3759 1,3333

32 6.4_ 151,1_ 0o2194 44.801 74.564 ?.TI2S4 t,520 2.695 1114

34 9.53 185C,_q 6@.3464 -116,286 -115._9? 1,75202 1,339 _.180 3684 1.2298

34 9.53 15_,F& _.3135 46,759 7?°848 7.45133 1.535 _.778 1139

36 13.56 171G._7 60.8805 -111,944 -111,379 8?63? 1.37_ _.259 3610 1.1267

36 13.56 156.53 _.43_8 48._82 80.7_g ,Z1406 1.551 2.879 1160

36.48J 14.?0 164_._3 66.5010 -110.853 -110.237 1.90656 1.381 2.31C J573 1.1D1_

" 36,483 14,70 15,._3 _.4675 48.872 81.452 ?,162_3 1.555 2.904 1165

J8 1_.69 152l,71 65,242_ -107o311 -106.51T Z.00193 1.W03 2.44C 3500 1.0_43

_8 18,69 156,8_ 0.5871 _9.g54 83.256 6o9981_ 1,567 Z.998 1179

wO 25.09 134_.54 63.3589 -102.364 -101,27T Z,1_926 1.4_? _.635 3396 0.9_E5

40 _5,09 151._3 0,7799 51.110 85,199 6,793_1 1o584 $.146 1195

4_ 32.91 1187.64 61,0993 -97.075 -95,616 _._5895 1.446 2°845 3_90 0.8213

42 32,91 15J.E5 1.02_3 51,9_1 86.614 6,60055 1.601 $.331 1209

44 4_.33 1025._3 58.4067 °91.407 "89._86 _,39170 1.462 ],090 3169 0,7_09

44 42,33 145,98 1.3190 5_,332 87._31 6°41516 1,619 1.566 1226

46 5].51 857,66 55°213_ -85.315 -82.819 Z.5_842 1.475 3.396 3025 0.6_14

46 53.51 13_,C3 1.6912 52.274 87.546 6.13433 1.639 3°875 1230

48 66.6_ 70_.72 51.5351 -78.733 -75,587 Z.6_035 1.490 3oT46 2869 0.5228

48 66.62 1ZT.EO 2.158_ 51.645 86.817 6.054_ 1.66_ W.300 1Z36

50 81.84 545.41 47.5470 °71,555 -67,N7_ Z*81951 1*50_ _*295 2683 0,W_53

50 81.8_ 114.38 2.7531 50.30_ 85._43 5.87141 1.693 _.919 lZ41

_Z q_,33 393._0 43.1688 -63,614 -58.437 Z.97_13 1,529 5.1h2 _k75 0.3Z9_

_Z 41.33 97.95 3.5294 48.021 81.916 5.67958 1.734 5.892 1848

54 119.3_ 270,_9 38.3458 -54.61_ -48.053 3,15_05 1.556 6.355 Z261 0.Z348

S_ 11_.30 77,63 4.58_0 44.410 76.912 5.47014 1.79_ 7.646 1239

56 14_,03 151,32 3_.8351 -43,939 -35.540 3.358?1 1,596 9.131 2003 0.1427

56 14Z.03 5_.14 6.1211 30.6_7 68.943 5.12531 1,881 11.78_ 1_30

58 167o85 51°12 _5.9466 -_9.60_ -18.44_ _.63008 1,674 20.272 167T 0.0544

68 167.85 23.54 8.7360 28.004 5h,564 k,889#8 2,071 27.498 1203

59.357 167.51 15.4925 -2.215 15.224 4.17692 O.OOOO

f
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TEMPERATURE

DEG. R

26

Z6

28

Z8

30

30

3Z

3Z

3_

3_

36

36

36._83

36,_83

38

38

_0

_0

02

_Z

G_

_6

_6

_8

_8

50

50

52

52

5_

5_

96

56

58

58

5g,357

DENSITY

LB/CU FT

_,80828

0.0078W

_.77_3W

0,01077

k,71399

0,01765

_,65003

O,OZ?2_

k,583Z1

O.OkO0_

_,51266

0.056?9

_,_3782

0.07787

_._1903

0,08353

_,35801

0.10395

W,27Z_3

0,13629

_,18010

0,17568

_,07975

0.2Z335

3,96975

0,2809_

3,8_786

0.35076

3,71079

0._36Z1

3o553_

0.5_Z66

3,36676

0,67967

3,131_0

0,86751

2,78507

1,17023

1,99098

THERMODYNAMIC PROPERTIES OF COEXISTING GASEOUS AND LIQUID PARAHYDROGEH

V(DH/DV)p V(OP/OU) V -V(DP/OV) T 13V/OT)_V THERMAL VISCOSITY tHERMAL DIELECTRIC
CONDUCTI#ITY DI;FUSIVITY CONSIANT

BIQ/L_ PSIA-CU FT/STU PSIA t/OEG. R BTU/FI-HR-R LB/FT-SEC _Q FT/HR
x 10 _

267,B_ 13,853 13098._6 0,0056802 0,0_109 2.713 3,_0_7h 1,7519_

6_,_5 3._09 1.G0 0.0W17860 0.00719 0,0_9 0.36_9Z 1.00038

26{.76 13.500 12380.10 0,0059876 0,0_551 1.970 0,00597 1._968

6_.65 3.609 1.W3 0,040_077 0,00739 0,052 J.2707_ 1.0005_

26e.27 12,7_0 11338.37 0,006370_ O,0500W 1,371 a,00621 1.2w626

6E.81 3,508 2,W7 0,038W993 0.00775 0,057 0.17058 1.00085

26_,_6 12.1_3 10167.69 0,0069718 0,05297 1._16 0,G0618 1.2_270

70,76 3,605 3,99 0.03717_1 0,00813 0,061 0.11361 1o0013_

26C,77 11,699 9153.99 0,0076083 0,05W_9 1.093 0.0060_ 1.23895

7_,_1 3,6G_ 6.06 0,03611_ 0.00856 0,065 0.07929 1.0019_

_58._9 11,309 8351.08 0,00818_1 0,05601 0,991 0.0058_ 1.23501

77,7_ 3.600 8.78 0,0397318 0,0090k 0.070 0,0573_ 1.0027_

256,_3 10,970 759_,98 0.0088082 0,05690 0.906 0.00568 1,23083

8G,70 3,600 12.19 0.0356683 0.0096_ 0.075 0,0_291 1,00376

752.91 10.895 7281,80 0,0091325 0,05720 0,887 0.00560 1.22978

81.37 3,_00 13.10 0,0356912 0.00979 0.07& 0,0_037 1,00_0_

_7.85 10.671 6627.28 0,0098k_5 0.05793 0,832 0,005k5 1.22639

83._6 3.60_ 16.30 0.0360086 0,01036 0.079 3.03325 1.00503

239.61 10,397 5761,53 0.0109969 0.058_3 0,768 0.00919 1,_1163

85,35 3._13 21.16 0.036863_ 0.01117 0.08_ 0.0260_ 1.00659

231.15 10,110 _96_.k3 0,01?307_ 0.058_8 0.711 0.00_97 1.2165_

86,97 3,627 26,5_ 0,038?9_8 0.0110_ 0,089 0.0Z058 1,00850

_21,33 9,795 _183.k8 0.013_613 0,05811 0,658 0o00k61 1.21098

8_.13 3.6k8 32,60 0.0_0_560 0,01301 0,09_ 0.0163_ 1,01082

?09._ 9._78 340_,69 0,01621_8 0,0573_ 0.610 O,O0_Z_ 1.20_92

88.86 3.673 38,78 0.0_35108 0.01_11 0.100 0,01296 1.01363

197,6_ 8.989 2719,35 0,018_513 0,05616 0.56k 0,00390 1.19823

89,17 3.701 _.76 0,0_8225k 0,01539 0,106 0,01020 1.01703

18_.82 8,_97 2023.91 0.0_3_927 0,05_99 0.521 0,303_3 1.1907_

89.13 3.728 W9,89 0.0551860 0o0169_ 0.112 0.00789 1.021_1

166.50 7,9h3 1397.9_ 0.0]08807 0.05_58 0,W78 0,00288 1,18_18

88,75 3,750 " 53,16 0.0663962 0.01895 0.120 0.00593 1.026k_

150.81 7,320 910,01 0,0_21378 0,05005 0.W3_ 0,0023_ 1,17208

88.15 3.761 57.76 0.0868_08 0.02189 0.129 0.00_21 1,03319

131,76 6,570 _73,85 0,06979A1 0,0k971 0,388 0.0017_ 1.159k3

87,06 3.752 _5,23 0.1353227 0,0777Z 0,1_Z 0,00271 1,0k250

109.06 5,565 139,60 0.1858697 0,05633 0.332 0,00100 1,1_098

86.71 3,605 27.55 0.3171k57 0.0_585 0,167 0.001_2 1,0576_

85,_7 0.2w1 1.099k5

C__

PRAN(;IL

NUMI_f

2.23_5

0.6231

1.9821

0,6_Z_

1.6857

0,6757

1,52W1

0,709W

1._Z17

0.7k19

1.3500

0,77k8

1.29_2

0.80_2

1,2893

0.8690

1,2670

0,8_6

1.2_67

0,85_0

0.8878

I,E603

0,9307

1,3009

0.9868

1.355k

1.063g

1.kTk6

1,1722

1,6809

1.3386

1,9833

1.6195

Z.5631

2,1731

_.3030

3,596w

r
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Table C-2b

Thermodynamic Properties of Parahydrogen (Isobars, English Units)

L
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C-Zh

1 PSIA IS3BAR

TEM$ER4TURE VOLUME

OEG. R GU rrlL8

25,000 131,12050

Z6 156.55195

28 147.30482

30 150,18709

3? 168,966Z_

3_ 179.727_1

36 190.4740-Z

38 E01.20_72

;0 211.93349

4Z 222.64991

44 253.35_21

;6 244.06240

;8 25;.76032

50 265,_5313

5Z 776,1429Z

54 286,82068

56 297,51131

$8 308,19116

60 3[8.86855

67 379*54373

64 3;0.2169[

66 350.80832

68 361.55810

70 372,2Zb4Z

?5 398.89165

80 425.55022

85 ;52,203;[

90 478.85219

95 505.49732

100 532,13940

105 558.77885

110 585.41619

115 61Z*05159

120 638.68836

125 665,31571

130 691,94882

140 7;5,20188

150 798.;65;Y

160 851.71634

170 904.96696

180 958,21573

190 1011,46187

200 106;,20822

220 1171,19724

Z;O tZ??.66Z;7

260 1384,16519

280 1490,64598

300 1597°12524

320 1703.60526

3_0 1810,08031

360 1916.55653

380 2023.03206

;00 Z129,50701

;20 Z235.98148

;;0 2342.45552

;60 Z;;8,92921

;gO 7555,;0Z$9

SO0 2661.8?569

520 2768.3;856

$;0 287;.60466

560 2981.06900

580 308T.53310

600 3193.99723

650 3;60.15_83

700 3726.3158$

800 4258.63266

1000 5373.26533

2000 106;6.4003;

3000 15972.80_67

_000 21552.73166

5000 30;30.82500

TWO-PqASE BOUq3RY

THEPMOOYNAHIC PROPEPTIES OF PARAHYOROGEN

ISOTHERM [5OCHORE INTFRN_L ENTHALPY ENTROPY CV

DERIVATIVE OERI_ATI@F ENERGY

_U :T-PSI4/LB PSIJlR 8rUILB 8TUILR BTU/LB-R BTU

12q.12 0,040_ 36.4_5 60.765 9.00257 1._83

134._? 0.0392 37.988 6].273 9.t0097 1.;83

1_5.70 0.0363 40.g86 6_.278 g.2B6bl 1.;82

156.66 0,0338 43.97_ ?_.270 9,45861 1,481

167.58 0,0516 ;6.964 78.252 9.61939 1.481

I78.45 0.0297 ;9.9_7 83.22fi 9,77021 1.481

189.30 0.0280 52.927 88.197 9.912_3 1.4_0

700.1? 0,0265 $5,g04 9].167 10.0;6;5 1.;80

21C.93 0,0252 58.879 9_.173 10.17368 1.480

221.71 0.0240 61._52 103.081 10.29462 1.480

232._8 O.OZ]g 64.824 108.035 10.40987 1.480

24_,74 0.021fi 67.79; 11?.989 10.51993 1,480

253.9R 0,020g ?0.?_3 117.938 10,62527 1.480

76_.7_ 0.0201 73.731 127.886 10.72627 1,480

275._6 0,0193 76.699 L27,833 10.82327 1.480

_86.19 0.0186 ?9.665 132.778 18.91658 1.480

291._1 O.Ol?g 8Z.631 137.72Z 11.00648 1.480

]07.62 0,0173 85.596 142.665 11.09321 1.480

318.33 0.016? 88.$61 t;?.&O? 11.17698 1._80

329.03 0.0167 gi.526 157,54S 11.25799 1.480

339,73 0.0157 94.490 157.489 11.33642 1.480

350.;E 0,0152 q?.455 162,430 11,41244 1.480

361.12 0,0147 100.419 167,370 11.48618 1,480

371.81 0.0143 103.385 17_,311 11.55779 1,_81

39B.E2 0.0134 110.802 184,666 11,72827 1°483

425.22 0.0125 118.231 197.031 11.88787 1.466

451.91 0,0118 125.678 209.414 12,05801 1._91

478.59 0.0111 133,155 221.825 12,17989 1.498

505.26 0,0105 140.675 234.27g 12.31455 1.505

551,93 0.0100 148._53 _46.791 12.44290 1.522

558.59 0,0095 155.908 Z59.379 12.56573 1.539

585.24 0.0091 163.660 272.06] lZ,683r; 1.560

611.90 0,0087 171o575 784.863 IZ,79753 1.586

630.55 0.0083 179.5];" 297.881 1_.90765 1.616

665,19 0.0080 187.700 310.899 15,01456 1.650

_91.84 0.0077 196,047 324.177 13.11874 1.688

?45.12 0.0071 213.363 351.355 13.32010 1.776

798.40 0.0067 231.625 3?9,417 13.51408 1.8?7

851,67 0.0063 250.936 408.651 15.70235 1.986

904.93 0.0059 271,371 ;38.9;? 13.88596 Z,101

950.20 0.0056 292.959 470,395 14.06568 2,216

1011.45 0.00_3 315,655 502,950 14,24131 2.$29

1064.71 0,0050 339.481 536°636 14,41395 2.435

1171.22 0.0045 390,115 606.969 [;.74910 Z.621

1Z77,72 0,00;2 444,041 680.633 15.06921 2,762

1384,21 0.0058 500.300 756.610 15.37541 2.857

1490.70 0.0036 558,0;3 854,_70 15.66031 2. g08

[597.19 0,0033 616._11 912.156 15,92980 2,925

1703._8 0,0031 674,85T 990.318 16.1821_ 2.916

1810.16 0,0029 732,948 1068,126 16.41762 2,891

1916.6_ 0.0028 ?90._10 1145.30_ 16.63827 2.855

EOZ3.1Z 0.00_6 8_7.095 1271.T06 16.8_482 Z,813

2129.60 0.0025 902.941 1297,268 17.03870 2.771

2256.08 0,0024 957,553 1371,996 [?.22098 2.731

23;2.56 0.0025 1012,184 1445.94_ 17,$9302 2.693

Z;49,03 0.0022 1065.692 1519,16? 17.55579 2.699

7555.51 0.0021 1118.564 1591.755 17.71003 2.629

2661,99 0.0020 1170,876 1663.784 17.85720 Z.603

2768.46 0.001R 1727.710 1735,]33 17,99765 Z.$81

Z8?4.?? 0.0019 1274.151 1806.450 18.11190 ?.562

2981.19 0.0018 1325.155 187?.165 18,25990 2.5;7

$081,65 0.0011 13?5.948 19k7,676 18.38345 2.534

3194.12 0.0017 1426,549 2017.990 18.50273 2.52;

3k60.28 0.0015 1552.194 219_.g21 18.78304 2.505

3726,;4 0,0014 1677.1_1 2365.203 19.04161 2.495

;258.76 0.0013 1926.062 2714.646 19._058_ 2.48r

5323.40 0.0010 2;23.349 3;09.0?] 20.28014 ?.488

10646.54 0.0005 ;969.898 6941.323 22.72075 2.6;4

15969.17 0.0003 777;.0_5 10731.786 Z;.2_319 3.020

21292.80 0,000_ 11944.624 1_]39.606 _5.91745 6.491

26_15.93 0.0002 77380.787 33023.7_2 30,48359 2_.475

372

CP

I LB -R

2.511

2.506

2.499

Z,493

2.489

2.486

2,;83

2.;81

2.479

2,;78

2.677

_,475

Z.474

_.474

2.;73

2.472

2.;72

2.471

2.;71

2.;70

2.;70

Z.470

Z,470

2.4?0

2.472

2°;79

Z.486

2,;96

2.509

2.526

2.5;8

Z.573

Z,603

Z,637

2.675

2.?63

Z. 863

2.973

$. 087

3.202

3.315

3,421

3.607

3,7;8

3.843

3.89;

3.911

$.g02

$,876

3.8;|

3. 799

3.757

3.716

3.678

3.6_5

3.615

$.589

3,567

3.548

3.533

$.570

].510

3.491

3,;80

3._73

3.47;

1.630

4.013

7.799

31.705

VELOCI;Y

OF $OUNO

FT/SEC

1006

1027

1067

1105

114E

1178

1213

1247

1279

1311

1343

1373

1403

1432

1460

1_88

1516

1543

1569

1595

1621

1646

1671

1695

1754

[811

1866

1918

1966

2016

2061

7104

11_4

2183

7219

2253

2317

2355

2430

Z;82

ZS33

2583

7632

2?33

263;

2957

3041

31_S

$750

3353

3456

]558

3657

3755

3650

39_;

;035

4123

421©

429_

;377

4457

_536

;726

4900

52_9

5668

8229

9914

10886

12139

r
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1 PSI& ISD�&R

THERMOO_NAMXC PROP_RTI(S OF PAPAH¥OROGEN

TEHPERATURE DENSITY V(OH/DV)I)

DEG. R LB/CU FT BTU/LB

• 25.000 0,00753 60,56

25 0.00732 63.07

20 0.006?0 68.10

30 0.00632 13.11

3Z 0.00592 TP.11

34 0.00556 83,]0

36 0.00525 80.09

30 0,00492 93.0T

60 0.00412 98.(_

4Z 0.004_9 103.01

44 0.00429 107,97

46 0.00410 112.93

48 0.D0393 117._0

50 0.00377 122.0_

52 0.00352 122.29

54 0.003_9 132.7_

56 0.00336 132.69

56 O.O03Zk 142.6_

60 0.0031_ 147.59

62 0.00303 152.55

64 0.0029_ 152.50

66 O,OOZS5 162.46

68 0.00Z77 167.43

70 0.002_9 122.40

75 0.00251 18_.90

00 0.00230 192.52

05 0.002_1 210.32

90 0.00209 223.37

95 0.00198 236.78

100 0.00189 250.62

105 0,00179 26_.20

110 0.00121 ?79.96

115 0.00163 295,64

I20 0.00152 312.10

125 0.00150 3Z9.30

130 0.00145 347.54

140 0.6013_ 306.60

100 0.00125 _29.30

160 0.00117 _75.45

170 0.00111 524.6_

180 0.00104 576.Z?

190 0.00099 629.67

ZOO 0.00094 58_.1_

220 0.00085 ?93.50

240 0.00078 899.50

260 0.00072 999.04

Z00 O.O00&? 1090.20

300 0,00063 1173.24

320 0.00059 1240.69

340 0.00055 1318.03

360 0.00052 1302.65

300 0.000_9 14_3, TZ

_00 0,000_7 1502.94

420 0,000_5 1560.94

440 0.00063 1_18.56

460 0.00041 1626.61

480 0.00039 1735.09

500 0.00038 1294.48

520 0,00036 1054.00

540 0,00035 1915.84

560 0.00034 1_70.47

580 0.00032 2041.66

600 0.00031 210_.02

650 0.00029 Z269.30

100 0.00027 2436.36

000 0,00023 ZT78.39

1000 0.00019 3573.04

ZOO0 0.00009 ?25q.72

3000 0.00006 12035.99

_000 0.00005 30020.45

5000 0,00003 130651.05

• TWO-PHASE 90UHORY

V(DP/DU)¥ -V(DPIDV) T

PSZA-CU FTIBTU PSIA

3.609 0.90

3.609 0.99

3.600 0.99

3.607 0.99

3.606 0,99

3.606 0.99

3.605 0.99

3.604 0.99

3.604 1,00

3.60_ 1.00

3.603 1.00

3.603 1.00

3.603 1.00

3.603 1.00

3.60Z 1.00

3.607 1.00

3.602 1.00

3.602 1.00

3.601 1.00

3.601 1.06

3.600 1.00

3.600 1.00

3.599 1.00

3.598 1.00

3.593 1.00

3.585 1.00

3.573 1.00

3.5_5 1.00

3.531 1.00

3.500 1.00

3.460 1.00

3._13 1.00

3.358 1.00

3.295 1.00

3.22? 1.00

3.15_ 1.00

2.990 1.00

2.837 1.00

2.681 1.00

2.535 1.00

2.403 1.00

2.287 1.00

2.186 1.00

2.031 1.00

1.920 1.00

1.06_ 1.00

1.031 1.00

1.820 1,00

1.826 1.00

1.0_ 1.00

1.865 1.00

1.092 1.00

1o921 1.00

1.950 1.00

1.9TT 1.00

2.002 1.00

2.025 1.00

2.OkS 1.00

2.063 1.00

2.070 1.00

2.090 1.00

2,101 1.00

2.10q 1.00

2,125 1.00

2,134 1,00

2.140 1,00

2.140 1,00

2,013 1.00

1.763 1.00

0*030 0.99

0.230 0.02

(3V/DT_/V TH[_HAL
CONDUCTIVITY

0.041_67_

0.039?332

0,0366910

0.0341031

0.0318675

0.0_991k7

0,02819_5

0.0P66615

0.0252909

0.02_0563

0.022938_

0.0Z19207

0.0_09905

0.0201369

0.0193506

0.0106239

0,0179502

O,Ot?]ZkO

0.0167402

0.01619_

0.0156039

0.01520_5

0.01k?_37

0.01_3290

0.0133674

0.012S??2

0.0112862

0.01112_1

0.0105411

0.0100123

0.0095341

0,0090996

0.008?030

0.0083396

0.0000054

0.00769?0

0.0071464

0.0066693

0.0062520

0.0060839

0.0050568

0.00526_1

0.0050007

0.0046_9

0.0041669

0.0038463

0,0035215

3.0033333

0.0031250

0.0029_11

0.0027777

0.0026315

0.002_9_9

0.002300_

0.0022726

0.002123_

0.0020032

0.0019_99

0.0019230

0.0018518

0.00178_7

1.0017241

0.0016666

0.001538_

0.0014205

0.0012500

0.0010000

0.0005000

0,0003334

0.0002031

0,00022_?

C-Zb

373

THERMAL DIEL£CT_IC PRANDTL

CONSTANT NbMBEP

VISCOSITY

O[FFUSIVITY

BTU/FT-HR-R LB/_T-_EC _Q FT/HR

X 1D

0.00721 0.050 0.]763_ 1.00037 0.6_50

0.00735 0.05_ _._OC_? 1.00035 0,63a_

0.007_3 0.056 3._$037 1.C0033 0.6633

0.007_2 0,061 0.5026_ 1.00031 0.6860

0.00824 0.065 0.55911 1.00029 0.?0_5

0.00856 0.06_ 0.6191_ 1.00027 0.?Z01

0.00_96 0.073 0.60717 1.00025 0.2205

0.009_? 0._77 0.767q! 1.0002& 0.7260

0.00998 0.081 0._530_ 1.00023 0.72_9

0.01049 0.085 0.9426_ 1.00022 0.7227

0.01100 0.089 1.0367_ 1.000_1 0.720_

0.01151 0.093 1.13_9_ 1.00020 0.2100

0.01202 0.097 1.Z372C 1.0001_ 0.7157

0,01252 0.100 1.3_38] 1.00018 0,2132

0,01303 0.10_ 1._5_81 1.00017 0.7107

0.01353 0.109 1.57015 1.00017 0.7000

0.01398 0.111 L.602qq 1.0001_ 0.7002

0.014_3 0.115 1.?_96_ 1.00016 0.?001

0.01_8 0.118 1.920Z_ 1.0001_ 0.?077

0.01533 0.122 2.0451_ 1.00015 O.?OTO

0.0157R 0.12_ 2.17397 1.0001k 0.7060

0.0162k 0.129 2.30660 1.00014 0.7050

0.01669 0.132 _._30_ 1.0001_ 0.7039

0.01714 0.13_ 2.58319 1.00013 0.7026

0,01822 0.144 Z.q_88_ 1.00012 0.6995

0.019_C 0.152 1.33_92 1.00011 0.696]

0.02052 0.159 3.?_33q 1.00011 0.6933

0.02165 _.167 _.16_k7 1*00010 0.6906

0,02Z77 0.174 q_61137 1.00010 0,6805

q

0.02389 0.182 _*06722 1.00009 0.68?2

0.02502 0.189 9.53343 1.00009 0.686?

0.02623 0.196 6.026?0 1.00008 0.6061

0.027;7 0.203 5.53_75 1.00008 0.6837

0.020F2 0.210 _.O_6&_ 1.00008 0.6836

0.02946 0,Z16 7.55_8_ 1.00007 0.60q0

0.03121 0.B23 _.07209 1.00002 0.6871

0.033T0 0.235 9.0892_ 1,00006 0.69_7

0.03662 0.248 10.21332 1.00006 0.69?2

0,019_1 0.260 11.40600 1.00006 0.6902

0.0_299 0.271 12.60364 1.00005 0.7016

0.00125 0.30? 15._8_1 1.00005 0.6047

0.056?5 0.32? 1T. 31206 1.00005 0.6866

0.06110 O.]h3 19.07202 1.00005 0.6883

0.06916 0.360 22. k566_ 1*00004 0.6909

0.02_54 0.30_ 25.24961 1.0000k 0.6926

0.08050 0._0_ 29.022_7 1.00003 0.6935

0.00446 0._18 32o33674 1200003 0.6939

0.067_1 0._31 35.6973? 1,00003 0.6938

0.08962 O._Z 33.12616 1.00003 0.6935

0.09110 0.453 _Z.6330_ 1.0000_ 0.6929

0.09262 0.46_ _6.21917 1.00003 0.6922

0,09369 0._?_ _9.09042 1o00002 0,6915

0.09_6_ 0._03 55.6476_ 1.00002 0,6900

0.09556 0._93 52._926_ 1.00002 0,6901

0,096_S 0,50? 61,42320 1,00002 0,6894

0.09?39 0.511 65.44125 1.00002 0.6000

0,098]7 0,5?0 69.5476R 1o00002 0,6002

0.099_2 0.5Z9 73.7_397 1.oo00_ o.60?0

0.10053 0.538 70.0Z90_ 1.00002 0.50?3

0,10169 0.54? 02.39_56 1,00002 0.6869

0.10293 0.556 06. q557_ 1.0000_ 0.6866

0.$0421 0,_6_ 91._022_ t.0000_ 0.6063

0.1055_ 0.5?3 96,0_R?_ 1.00002 0.6861

0.10901 0.595 100.0_k47 1,00001 0.6056

0.11265 0,616 120.61295 1.00001 0.68S2

0.12024 0.650 142.44036 1,00001 0.6847

0.13562 0.?;2 _07._2049 1.00001 0.68_1

0.27227 1.L_8 A13,?$92_ 1.00000 0.9316

0.4093? 1._221629.50147 1.00000 0.6194

1.23693 1.2953_23.73169 1.oo000 0._060

6,5318_ 2.1806269.3716_ 1,00000 0,3810

r
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(" 2h

5 PS]A ISDSA_

TEH_ERATURE VOLUqE

JEG, R _U FTIL_

• Z_.862 0.?0795

25 0.20815

2& 0.20_38

28 0,2L210

30 0,?1503

" 3_.80& O*21b?q

30.80_ 31.2571b

32 3_.62070

3_ 3_.8826_

3& 37.123S0

_b 48,1_677

_8 50.32B83

50 _2oS_59_

52 5_,6T_?0

S_ 5&.8_ZTZ

56 S9.01345

58 61.1T6Z&

60 63.33650

6_ &7,6503_

66 &9,80_36

68 71o95673

70 74.10761

75 79.4791|

80 8_.8_]8_

85 90,20307

90 95.55756

9_ 100.9089&

100 I06,25692

105 111,&0238

110 116.94558

11S IZ2.28688

120 177.67_5_

125 132,96_77

130 138.30176

1;0 14&.97Z5T

150 159.6399Z

160 170,30;S?

170 180.56687

180 lg1.62738

190 202.286Z5

200 212.9;38_

220 23_.75585

Z;O 255.56;55

260 27b.87076

280 298.17_04

300 31_,47779

320 340.77931

340 362.0798;

360 383.37_55

380 40;.67857

_00 ;Z5.97702

;;0 468.5725Z

460 _89,86_71

_80 51t.16658

500 532.;6_18

520 553,75954

S_O $75.01Z91

560 596.30718

580 617.601Zg

600 638.89527

6_0 692.12371

700 745.36556

800 851,8300_

1000 I064,7600_

2000 ZlZ_.39315

3000 3194.31557

_000 _281.91111

SO00 _667.35478

• TWO-P_S_ BOUMDRY

T_[P_O_NAMIC PPOP_RTIES OF PARANYDROGEN

ISOTHERM ISOCHORE INTERN&L ENTHALPY [NTROPY CV CP VELOCITY

OE_IVATI¢E OERIVATIV£ ENERGY OF $OUNO

SU :T-PSIA/LB PSIA/R BTUILB BTU/LB 8TUILB-R BTU I LB -R FTI$(C

_t05.08 _._209 -132.897 -13Z.70; 1.18704 1.117 1,525 _136

2668.3_ 7_.41_ -132.674 -132._82 1.19597 1.171 1,_38 4117

Z_72.18 T_.1_1 -1_1,108 -130.914 1.257;4 1.1W9 1.619 4017

Z30_,98 77.7950 -1?7,765 -127,569 1.38139 1,203 1o732 3921

214_.10 70.9071 -12;.184 -123.985 1.50;99 1.253 1.656 3835

211_._6 70°3780 -122,668 -127,468 1.55491 1.27_ 1.897 38Z2

1_8.45 0.17;3 ;3.530 72,470 7.68311 1.512 2.652 1098

155,7_ 0.1665 45.;10 75,6Z0 7.98346 1.505 Z. 627 11Z2

I67.70 0._5_1 ;8,545 80.842 8.1;173 1.497 2.596 1161

179,57 0,145_ 51.6;0 86.011 8.289_7 1,_93 2.575 1198

19!.19 G.1370 94.713 91.144 8,4Z8Z4 1.490 Z.559 1233

Z02,_e 0.1795 57.769 96,249 8.55917 1.;88 Z.547 1_68

_1_.06 0.1229 60._13 101,333 8.68318 1.487 Z.537 1301

ZZS.3B 0.1169 63,8;7 106.399 8.80102 1,;86 2.5zg 1333

23_.60 0.1115 66.873 111.451 8.91330 1.485 2.5Z2 1364

_7,77 0.1066 69.892 116,_90 9.02053 1,;8_ Z.517 1395

_58.89 0.1071 72.906 1Z1,519 9.12318 1,48; Z,512 1_25

_69.97 0.0980 75.914 126.539 9.22167 1.484 Z.508 1454

_81.0? 0.09;2 78,918 131,551 9.31620 1.483 2.50_ 1_03

_92.03 0.0907 81,918 136.$57 9.40722 1.483 Z.501 1511

303._1 0,0875 84.915 141.556 9.;949; 1.483 Z.;98 1538

313,96 0.06;S 87.909 196,550 9.57959 1.482 2._96 1555

32;,89 0.0817 90,901 191.5_0 9.66139 1.48Z Z.496 1§91

335,80 0,0791 93,890 156.525 9,74053 1.462 ?.492 1617

346.70 0.0766 96.878 lbl.507 g.S1718 1,46Z 2.490 16_3

357._7 0.07k3 99.86_ 166.486 9,89150 1,483 Z._89 1668

368.93 0.07Z1 I02.850 171._63 9.96364 1.483 2.488 1692

395,53 0.0672 110.312 183.899 10.135Z3 1. kS; 2.606 1752

WZ?,_6 0.06?9 117.779 196,333 10.29972 1.487 Z. kS7 1009

449.53 0.0592 175o259 ?08,779 10.4_658 1.492 2.490 1866

;76.46 0.0559 132.765 Z21.739 10.58905 1,499 Z.496 1917

503.36 0.0529 140,310 ?33.738 10.72_27 1.509 2.505 1967

S30,_Z 0.0S02 147,911 746._91 10.85798 1.523 Z.917 2015

557.06 0.0478 155,586 258.q15 10.97617 1.940 2.533 2060

583.87 0.0456 163,355 Z71.631 11.09447 1.561 2.554 _109

610.66 0,0436 171._40 284._61 11.20853 1,587 2.579 21_

637._ 5,0;18 179.261 _97.425 11,31887 1,616 Z. 608 Z103

66;,21 0.0401 187.490 310.$47 11.42600 1,651 Z.641 ?Z19

_90.96 0,0386 195.799 323.845 11,53033 1.689 2.679 2Z54

74_.43 0.0358 713.136 351.065 11,73198 1.777 2.766 ?317

_97,8_ 0.0334 231.41_ 379.719 11.92619 1.877 2.666 2376

551.28 0.0313 250.742 400._21 1Z.11461 1.906 ?°975 2_30

90_.67 0.0295 211.191 436.742 12.29840 2.101 3°069 2663

958.0_ 0.0278 292.790 470.211 12._782; 2.716 3.?04 2533

1011,39 0.0263 315,;98 502.788 1E.65399 2.3Z9 3.316 Z_S3

106_.73 0,0250 339.333 536._90 _2.8_671 2,435 3.423 2633

1171.38 0.02Z7 389.984 606,873 13.16200 2.621 3.609 2733

1278.00 0.0208 4_3.923 680.54Z 13,k8227 2.762 3.749 2835

138_.59 0.0192 500.19; 756.539 13.78650 2,857 3.844 2930

1G91.1_ 0.0179 _57,9_6 634.016 14.07347 2,906 3.694 30_2

1597,72 0.0161 616,323 917,116 lk,34300 2.925 3o911 3146

1704.26 0.0156 67;,776 990,Z91 14.99537 2.916 3. g03 3250

1810,80 0.0147 732.873 1068.109 14,83090 2.891 3.877 ]3Sk

1_17.32 0.0139 790.340 1145,790 15.05157 ?.855 3.04_ 3_7

Z023,6; 0,0132 847,031 1221,708 15.75815 ?.813 3.800 3558

2130,36 0.0125 90Z*080 I297,277 15,_5_05 Z,771 3.758 3658

Z236,$7 0.0119 957.896 1372,012 15.63435 ?,731 3,717 3756

?343.37 0,011; 101_,131 1445.966 15,806;0 ?.693 $.679 3851

2445.87 0.0109 1065.6_3 1919,196 15.96918 2.659 3.645 3944

2956.37 0.0104 1118.517 1591.78_ 16.12344 2,629 3.615 4035

266_,07 0.0100 1170.833 1663.82? 16,27062 ?.603 3.589 4124

2769.36 0.0096 1222,669 1735.375 16.41107 2.581 3.567 4211

2075,6; 0.0093 1274,11; 1806.;98 16.5;527 Z*562 3.548 4Z_5

2952,12 0.0089 1325.120 1877,220 16.67338 2.547 3.533 4378

3960,60 _.0086 1375.915 1947.730 16.79695 ?.534 3.520 4458

3195.08 0.0083 1;26,518 2018.0_8 16._16?1 ?,9?4 3._10 _S37

3W61.26 0.0077 1552,167 2197.985 17.19653 2.505 3.491 k727

3777.45 _.0071 1677,167 2367.77_ 17.45511 ?.495 3.481 4508

;259,8G 0.0063 1926.043 271_.777 17,91938 ?.48t 3.473 5249

532_.;7 0,0050 Z;23.336 3;09.159 18,69366 _o;58 3.474 5069

106;7,67 0.0075 4969,891 6941.420 21.134Z8 2,644 3.630 8229

15570.82 0,0017 7763.;72 10720.973 22,65Z86 Z. 965 3.953 9933

21_93,95 0.0013 11315.?;9 15279.719 ?_,1;867 ;.648 5.774 11069

26_17.09 0.0010 _0073._65 25321.068 27.17964 1_.770 16.878 17065
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5 RSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

IE_}ERATURE _ENSIIY V(DH/OV)p V(DP/DU) V -V(OP/DV) T

)EG, R LB/CU FT 8TUILB PSIA-CU FTIBTU PSIA

• E4,86Z 4.80887 E66.55 13.850 13008,3T

Z5 k.80_Zg _6;.86 13.813 12819._9

Z6 W.77607 257,67 15,516 11A07.30

28 _,71_8_ _60.30 12.7_9 10867.59

30 _,65031 ?60,93 12.166 9971.19

30.806 _.67351 763.56 11.96_ 9776.70

30.806 0,03199 72.27 3.60_ 4.75

3Z 0.03066 75.3_ 5.610 _.78

34 O.OZ86T 80._9 3.615 _.81

36 0.0269_ 01.6_ 3.617 _.B_

30 O.OESkl 90,77 3.618 _.86

kO 0.07_06 95.90 3.617 _._8

kZ 0.02Z81 101,01 3.616 _.89

44 0.021?6 106.10 3,611 _.qO

46 0.02077 111.18 3.611 4,91

48 0.01907 116.75 3.614 k.9Z

$0 0.01905 121.30 3.613 _.93

5Z 0,01819 126.5_ 3.612 _.9_

59 0,01759 151.37 3.611 _,94

56 0.01695 156.k0 3.611 _.95

58 0.0163S 1_1,92 3.610 k,95

60 0.01179 1_6._3 3.610 _,96

62 0.01527 151.bk 3,609 _.96

6_ 0.01k18 156,_5 3,608 k.96

6& 0.01433 161.46 3.807 4.97

68 0,01390 166,_8 3.606 4.97

70 0,013_9 171.50 5.60_ _,97

75 0.81Z_8 18_.09 3.$99 k.98

60 0.01119 196.79 3.$91 _.90

85 0.01109 209.65 3.579 k.98

go 0.010W6 722.77 3.$61 4.99

95 0.009_1 _36.23 3,$36 _.99

100 0.009kl _50.11 3,504 4.99

105 0.00896 Z6_.51 3._65 _.99

110 0.00855 779.5_ 3.417 _.99

115 0.00818 29_.23 3.362 _._9

1Z0 0,0078_ 311.71 3.799 4.99

IZ5 0.007_Z 3zq.oz 3.231 $.00

130 0.007_3 397.19 3.157 $,00

140 0,00671 386.28 3.001 5.00

150 0,00626 _29.01 Z.OkO 5.00

160 0.00587 975.18 2,683 5.00

170 0.00553 $2_.39 2,557 5.00

180 O,O05ZZ 576,0_ 2._05 $.00

190 0,00_94 _9._7 2.208 $.00

200 0,00470 583.97 2.188 5.00

ZZO 0,00_77 793.37 2.033 5.00

ZkO 0.003)1 _9R._2 1,929 5.00

Z60 0,00361 999,00 1.865 $.00

268 0,0033_ 1090.21 1.837 $.00

300 0.00313 1173.29 1,821 5,00

320 0.00293 1_48,77 1,826 $,00

340 0.00276 1316.1k 1,8_2 5.00

360 0°00261 1382.78 1.866 5.00

360 0.001_7 14_3.89 1.893 5.00

400 0.00235 1505.12 1.92_ $.00

4Z0 0,007_4 1561.1k 1.950 $.00

440 0.00Z13 1618.79 1.970 5.00

460 0,00204 1676,83 70003 5.00

b80 0,00196 1735.37 Z.026 5.00

_00 0,00188 179_,72 2.046 $.00

SZO 0.0010% 1055,06 2.063 5.00

540 0.0017_ 1916,15 2.0?8 5,00

560 0.001_0 1_78.69 Z.O90 5.00

_80 0.00162 ?Ok1.9; _.101 $.00

600 0.001_7 2106,11 2.110 $.00

650 0.0014_ Z_69.$9 2.125 5.00

700 0.0013W 2436.67 2.13_ 5.00

800 0.00117 Z778.71 Z,141 $.o0

1000 0.000_ 3_7q.18 2.140 5.08

ZOO0 0.000_7 7760,02 2.013 5.00

3000 0.00031 11859.77 1,796 5.00

_000 O.OOOZ3 72969.61 1.151 4.97

_000 0.00018 19_69.9Z 0.397 k.70

TWO-PHASE BOUNO_Y

(OV/OT_/V THERMAL
CONOUCTIVTTV

IlDEG. _ BIU/FT-HR-R LB/FT-SEC SQ FTIHR

C-2b

VISCOSITY THERMAL OIELFCTRIC PRANDTL

OIPrUSIVITY CONSTANT N_MBER

0.0017210 0.0_206 1.713 0.0057_

0.00580_ 0.0_51 1.69_ 0.00575

9.0067817 0.04553 1.573 0.00589

0.0066S_3 0.05006 1.373 0.0061_

0,007111_ 0.05_98 1,717 0.0061_

0.00719_5 O.OSS_Z 1.163 0.0061_

0,0_67019 0.008?9 0,063 0.0977_

0.03_6_I 0.008_6 0,065 0.10_09

0.037_5_3 0.0Q876 0.069 _,11767

0.03006_5 0.00913 0.973 0,1316_

0.07810_7 0.00962 0.0?8 0. I_800

0.0269558 0.01012 0.08_ 0.1657fl

0.0251169 0.01062 0,08S 0,10326

0.0738366 0.01113 0.089 0.70716

0.0_26883 0,01163 0.093 0._2193

0,021611_ 0.01_15 0.097 O,Zk?_7

0.0?07096 0,0126Z q.101 0._6388

0.0198500 0,01317 0.10_ 0,7861_

0.019061? 0.013_ 0.108 0.$09_6

0.01833_9 0.01_0? 0,117 0._3_00

0.0176653 0.01457 0.115 0.35skq

0.0170_36 0.01_96 0.119 O. 37976

0.016;611 0,011_2 0.177 0,_0400

0.0119_64 0.01587 O.LZ6 3,_3077

0.011_72_ 0.01632 0.129 0._$7_

0.0169501 0.01677 0.137 0._0k87

0,01_5066 0,01777 0.136 0.$1296

0,0135071 0,0103_ 0.14_ 0.$8636

0.0126587 0.019_6 0.11_ _.66_00

0.011_769 0.0?059 0.160 0,74571

0.011_029 0.02171 0.167 0.83116

0,0106077 0.0Z783 0.175 0.91975

0.010063Z 0.02395 0.187 1,01112

0.00957?0 0.0750? 0.189 1.10;56

0.0091359 0,02678 0.196 1. Z0341

0,0_87340 0.0_717 0.203 1,30520

0,008366? 0.07816 0.710 1._0777

0.0080283 0.03051 0.Z16 1.$1058

0.007716_ 0.03171 0._23 1.61370

5.007161W 0.0337_ 0.736 1.0160W

0,006o010 0.03666 O.Z_O ?,0_197

0,0067611 0,03985 0.760 ?.28080

0,0058911 0.0k353 0.712 ?.52060

0.00556?5 0.05175 0.30? 3,09506

0,0052607 0.05675 0,327 3.46172

O.OOSOOW_ 0,06130 0.3_3 3.8136_

5,00_5_03 0.06916 9.368 _._6987

0,00_1605 0.0755k 0.388 5,1_881

0.003847_ 0.08058 0._0_ $.8047k

0.003S727 O.00_k6 0._18 6°46675

0,003]3]0 0.087kl 0._31 7.1593_

0,0031757 0.08962 O.k4_ 7.827k6

0.0079_17 0.09130 0,k$3 0,5271]

O.ODZ??T7 0.0926? O,W6_ 9.2_N6;

0.0026315 0,09369 0,47_ g. 9791S

0.002_998 0.09_66 0.983 10.75086

0.00?3807 0.09556 0._93 11.$0010

0.0077775 0.096_6 0.50? 11.28655

5.0071737 0,097_0 0.511 13.0q030

0,0025831 0,09838 0.5?0 13,91181

0,0019997 0.09945 0.$29 1_.?$130

0.0019270 0,10054 0.538 1_,60811

0,0018516 0.10170 0.S_7 16.48189

0o0017855 0.10294 0.556 17.37435

0,0017239 O,lOk?Z 0.56k 1_.78_96

0,0016665 0,10555 0,$73 19.21337

0.0015303 0.10952 0,$95 71.61301

0.001478_ 0.11766 0.616 Zq.l?7Zk

0.0012_98 0.120Z5 0.6sq 79._9379

0.0009999 0,13563 O,?k2 _1,57200

0.0005000 0,27777 1*178 167.65951

0,0003333 O.kO00? 1,477 373.711_?

1.2516_ 2.?367

1.?$137 ?._055

1.?k978 2.0138

1.?_633 1,7098

1.74_7Z 1,$3k_

1.?_17! 1,_769

1.0015_ 0.7230

1,001W0 0.??95

1.00138 0.7_08

1.00130 0.7k61

1.00173 0.7k20

1.00116 0.7387

1.00110 0.73k5

1,00105 0.7309

1.00100 0.7Z75

1.00096 0.7?kk

1.00097 0.7712

1.00088 0.7180

1.00085 0.7148

1.00087 0.7193

1.00079 O, 7156

1,00076 0.7178

1,0007_ 0.7116

1.00071 0,7103

1.00069 0.7089

1.00067 0.7075

1.00065 0.7060

1.00061 0.7023

1.00057 0.6987

1.0005_ G,6953

1.00051 0.6923

1,000k8 0,6900

1.00045 0.6885

1.00043 0,6879

1.000_1 0.6860

1.00039 0,6846

1.00038 O.&8_

1.00036 0.6055

1.00035 0.6877

1.00037 0.6953

1,00030 0.6977

1.00028 0.6986

1.00027 0,7019

1.00075 0.6850

1,0007_ 0,6869

t.00025 0.6886

1.00021 0.6911

1.00019 0.6g78

1.00017 0,6937

1.00016 0,6940

1,00015 0.69_0

1o0001_ 0,6936

1.00013 0.6930

1.00013 0,69?3

1.00017 0.6916

1.00011 0.6908

1.00011 0,6901

1,00010 0,6895

1.00010 0.6808

t.00009 0.6883

1.00009 0,68?8

1.00009 0.6874

1.00008 0.68?0

1.00008 0.6866

1.00008 0.6863

1.00008 0.6861

1,00007 0.68S6

1.00006 0,60SZ

1.00006 0.68_7

1.00005 0,6841

t.00002 0,5317

1.00007 G.5237

1.00001 0. k_53

1.Q0001 0,3684

O.O00Z$1W 0.83563 1.?g0 619.73457

0,000Z179 3,$3131 2.1_11185.73141

375
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10 PSIA ISOBAR

TEMPERATURE ¥OLUqE

DEG. R CU FT/LB

" 2w.aB3 o,2o79o

25 0.20807

Z6 0.20929

28 0.2;ZOO

30 0.21k_Z

32 0.21810

34 0.Z2158

* 3_.263 0,2Z_OT

" 34.263 16,87591

36 17.91211

38 19.05466

;0 Z0.2_101

k_ 21.38202

_4 ZZ.51931

46 23.64569

38 24,76552

50 25.87983

52 26,98933

5; 28.09_97

56 29.19697

58 30.2958?

60 31.39206

62 32,_8202

64 33.57134

66 3;.66714

68 35.75512

?0 36o83156

75 39.55179

80 ;2.25507

85 ;_.952?9

90 ;?,63598

95 50.335_3

100 $3.02175

105 55.705k6

110 58.38693

115 61.06_k9

120 63.736_0

125 66.32080

130 69.09610

1_0 ?;.;3330

150 79.78719

160 05.1282_

170 90.36705

180 95.80;0_

190 101.13333

Z00 106.;T330

220 117.13830

2;0 127.79993

260 138.35905

280 139.11622

300 159.??193

3Z0 170.;Z630

3k0 181.07903

360 151.73237

300 202.38;;2

;00 213.03580

_20 223.&06?0

;;0 23_.33?17

360 233.96729

480 255.63710

500 266.28863

520 216,93593

5;0 287.56395

560 298.21196

580 300.05582

600 319.50753

650 3k6.1Z632

700 3?2.7;;53

000 ;25.97972

1000 532.;_713

2000 106_.76_28

3000 1592.10539

_000 2137.62103

5000 2783,49371

4 TWD-PHA$E BOUMORY

TMEGMOOTNAMIC PROPERTIES OF PAR4HYOqOGEN

I_OIHER_ I$OCHORE IN3ERNAL EN/HALPY ENIROPY CV CP VELOCITT

OERIVATIVE OERIVATI#E ENERGY OF SOUND

CU :T-PSIA/LB PSIAIR BTUtL8 6TUILB 8TU/LB-R BTU I LB -R FT/SEC

271C.17 74.;536 -132.891 -132.507 1.18723 1.118 1.525 4139

2_8C.93 74.3466 o132.702 -132.316 1.19307 1.121 1.535 3123

2480.32 73.2740 -131.138 -130.751 1.25628 %.1_9 1.618 3023

2312.7_ ?Z.3931 -127.800 -127.307 1.38013 1.202 1.730 3527

2151._0 F1.0016 -123.225 -123.827 1.50361 1.253 1.854 38_1

1998,_7 69.7170 -120.396 -119.992 1.62735 1.299 1.983 3761

1932.27 68.3613 -116.297 -115.807 1.75175 1.339 2.127 3672

153_.60 68.1606 -115.733 -115.322 1.76832 1.333 2.137 367_

153,98 0°3278 37,000 70.2;9 7.31087 1.537 2.790 11_2

166,53 0.3069 ;9.872 " 83.0;0 7.55529 1.521 2°730 1127

179,_0 0.2866 53.110 08.4S0 7.?0153 1.509 ?.682 lZ15

191,90 0.2692 56.298 93.779 ?.83821 1.502 _,638 1252

203.15 0.2532 59._51 99.050 ?.96680 1.498 2.623 1287

216.19 0.2k09 62.577 103.276 8.08836 1.495 2.60; 1321

228.0? O.ZZ90 65.682 109.367 8.20374 1.993 2.508 1353

?39.82 0.218_ 60.?71 113.630 8.31360 1.491 Z.S?Y 1385

251.;& 0.2087 71.8;7 119.769 0.;1850 1.390 2.56; 1316

263.00 0.1999 74,911 123.880 8.51800 %.389 2.555 13_6

273.47 0.1919 ?7.965 129.909 8.61513 1.388 Z.547 1_75

285,06 0.1835 81.011 135.076 0.70763 1.387 2.5_0 1503

297.19 0.1777 83.050 130.150 8.?9666 1.387 2.53; 1532

308.46 0.1713 8?.003 135.212 8.802q7 1.386 2.528 1559

319.69 0.1655 90.109 150.264 8.96530 1.386 2.52k 1586

$3C.87 0.1600 93.131 155.308 9.0;536 1.;85 2.520 1612

332.01 0.1539 96.1;9 160.33_ 9.12204 1,_05 Z.516 1630

353.13 0.1501 99.163 165.372 9.19790 1._85 2.513 1663

363.21 0.1357 102.175 170.395 9.2?0?0 1.385 2.510 1609

391.79 0,1356 109.695 182.933 9.k;371 1.386 2.505 17kq

319.2; 0.1268 117.210 195._55 9.60534 1.389 ?.503 1807

_6.57 0.1191 123.733 207.97; 9.75712 1.393 2.50; 1863

373,81 0.1123 132.276 220.503 9.90035 1.500 Z.500 1916

500.9_ 0.1063 139.853 233.061 10.03613 1.510 Z. S15 1966

528.09 0.1009 137.383 2;5.665 10.16533 1.523 2.527 201k

555.15 0.0960 155.183 258.33; 10.28906 1.531 2.5;2 2060

582.16 0.0915 162.975 271.051 10.;0773 1,562 Z.561 2103

609.13 0,0875 170.879 283.950 10,5221Z 1.58_ 2.586 21_;

636.07 0.0838 178.918 296.956 10.53276 1.617 2.614 2183

662.98 0.000; 187.113 310.100 10.7_013 1.651 2.6_7 2219

609.8? 0.0?73 195._89 323.436 10.84467 1.60_ 2.685 ZZS;

7_3.58 0.0717 212.852 350.?01 11.03669 1,7_7 _.?71 2318

?97.22 0.0669 231.153 3T8.897 11,2_118 1,877 Z. 870 _376

050.00 0.0621 250.500 ;08.13_ 11.32963 1.987 2.976 2631

_0_.35 0.0590 270.966 438.386 11.61380 2.101 3.092 2363

957.85 0.0557 292.579 _69.982 11.79380 2.216 3.207 2533

1011.32 0.052? 315.302 502.50; 11.96969 2.329 3.319 256;

1063.?6 0.0501 339.139 536.309 12,14252 2.436 3.325 2634

1171,59 0.0;55 389.820 606.728 12.;?799 2.621 3.610 273_

1278,35 0.0317 _33.776 680.327 12.79033 2.762 5o751 2836

1385.07 0.0305 500.061 756._50 13.10272 2.857 3.8;5 2939

1391.73 0.035? 557.825 833.9;8 13.38977 Z.908 3.895 30;3

1598.38 0.033; 616.212 912.066 13.65936 2.925 3.912 31k7

1705,00 0.0313 676.67_ 990.Z57 13.91178 2.916 ].903 3251

1811.60 0.0294 ?32.7?5 1068.089 13.1;?)5 Z.891 1.878 3355

1218.18 0.0278 790.253 11;5.Z90 1_.36806 2.855 3.8;2 3358

2023.75 0.0263 8;6.950 1221.711 13.57367 Z.813 3. q00 3559

2131.30 0.0250 902.805 _297.290 1_.76855 2.?72 3.750 3659

2237.85 0.0238 957.826 1372.033 13.95071 2.?31 3.717 3757

2333.39 0.02Z? 1012.065 1_65.993 15.12298 2.693 ].679 3652

2450.92 0,0217 1065.581 1519.231 15.28578 2.659 3.6;5 3935

2557.35 0.0208 1118.459 1591.830 15.;;005 2.629 3.615 k036

2663.57 0.0200 1170.7?6 1663.089 15.$8?2q 2,603 3.589 3125

2770,38 0.0192 1222.618 1735.328 15.72770 2.581 3*567 ;212

2876.79 0.0185 1273.068 1806.559 15.06193 2.56? 3,538 ;296

2903.29 0.0179 1325,077 18T?.285 15.99005 2.5;7 3.533 _376

3089.78 0,0172 1375.873 19_?.799 16.11363 2,53_ 3.520 3659

3196.27 G.0167 1_26.;79 2018.120 16.23289 2.524 3.510 3538

3362._9 0.0153 1552.133 2153.065 16.51323 2.505 3.391 ;728

3T26.70 0.0133 1677.1_, 2367,358 18.77181 2.;95 3.301 _909

;261.09 0,0125 1526.019 271;.818 17.23609 2.387 3.;73 5250

5325.61 0.0100 2323.319 3;09.26? 18.01039 2.;88 3.37_ 5869

10639.09 0.00_0 q969.885 89_1.5_5 20.35103 Z.633 3.630 8230

15972.25 0,0033 ?760,962 10718.$16 21,96069 2.952 3.939 9938

21295.39 0.0025 11166.100 15123.395 23.;2348 ;.210 S.293 11137

26618,53 0.0020 10318,72_ 23;23.000 26.00940 11.157 13.230 12082

376

!



10 PS[A ]SO@AR

ThEPHODYN&M]C P_OPEPTIES OF OAP_HY_OGFN

TEMPERATURE DENSITY V(JH/DV}p V(OP/OU)_ mV(OP/OV)_

DEG" R L�/CU FT 8TU/LB PSIA'CJ FT/_TU PSIa

• 24.883 4.01011 28T.03 13.848 13036.32

25 4.80814 285.75 13.818 12884.98

2@ 4,77T_9 Z5_,]3 13.53_ lt050._3

2@ 4.71591 Z60.76 12.16_ 10909.03

30 4,65279 261.43 12.181 10011._0

32 4.58500 _6_._C 11.708 9163.qi

34 4.51309 257.35 11.311 8269.22

• 34.Z63 4.50308 258.77 11.Z62 @25_.7I

34.263 0.05926 ?_.16 3.600 q.18

38 0.05583 82.71 3.815 q._O

3B o.gszkO 87.08 3.624 9.40

40 0.04940 93.26 3.628 9.48

42 0.046?6 98.52 3.6Z9 q.55

44 0.0_1 103.77 3.629 g.6C

46 0.042Z9 108.99 3.628 g.h5

_0 0.04030 114.19 3.627 9.6e

60 0.03864 119.37 3.625 Q.T2

52 0.03705 L2_.53 3.624 _.74

64 0*03559 129.66 3.623 q.77

56 0.034Z5 13_.7_ 3.82? 9.?q

58 0.03]01 139.89 3.6_1 g._1

80 0.03186 14_.99 3.620 g._

6Z 0o030_8 150.07 3.61A 9.MQ

64 0.02970 156.16 3.617 9.85

66 0.0?885 160.2? 3.616 9.87

60 0.027_7 165.29 3.616 9.88

70 0.07?14 17_.36 3.613 9.09

?5 0.0?928 183.08 3.60T 9.91

80 O.OZ367 19_.88 3.599 9.9_

85 0,0ZZ25 208.83 3.586 9.93

90 0.0?099 Z?Z.02 3.567 9.94

95 0.01987 23_._4 3.582 q.q6

100 0.01806 2_9._ 3.510 9.96

105 0.01T35 ?63.93 3.470 9.97

110 0,01713 Z78.98 3.4ZZ 9.97

115 0°01638 29_.72 3°367 9.97

120 0.01559 311.24 3.304 9.98

125 0.01506 328.5? 3.235 9.98

130 0.01447 340.77 3.167 9.98

140 0.01343 385.89 3.005 g.9g

150 0.01753 _Z8,61 Z.843 9.99

160 0.01175 47_.85 2,686 9.99

170 0°01105 52_.08 2.539 1C.OQ

180 0.01044 575.78 2.407 10.00

190 0.00989 $Z9.27 Z°?9O 10.00

700 0.00939 683.75 2.190 10.00

ZZO 0.00854 F93.21 2.034 10.00

240 O,OOFB? 09q°31 1.930 10.00

_60 0.007_2 998.96 1.866 10.00

ZBO 0.00671 1090.?_ 1.833 10.00

300 O.OQ6Z6 1173.35 1.82_ 10.00

320 0°00557 1_4_.88 1.877 10.00

340 0.00552 1318.?9 1°8_3 10.00

360 0.00S2Z 1382.96 1.886 10.00

380 0°00494 144_.09 1o894 10.00

_00 0.00_69 1503.35 1.9_? 10.00

020 0.00_7 1561.39 1.951 10.00

4_0 0.004Z? 1819.06 I.RTR IC.O0

@60 0.0040B 1577.1Z _.003 lO.OO

400 0.00391 1?3_.6Z 2.@Zb 10.00

500 0.003_6 1?9S.03 ?.0@8 10.00

520 0.00361 1_55.38 2.064 10.00

5_0 0.003_0 1016._6 _.079 10.00

560 0.00335 1_T9._4 2.091 10,00

580 0.003_4 Z042._9 2.102 IO.CO

600 0.00313 2106._7 2.110 10o00

650 0.00Z89 Z269.97 2.126 10.00

700 0.002_R Z437.05 2.135 10.00

B00 0.00Z35 7779.11 _.141 10°00

1000 0.00188 3474.80 ?.1_0 10.00

3000 0.000_4 7260.4e Z.014 10.00

3000 0.00063 11818.43 1.804 10.00

_000 0.00047 21093.88 1.269 9.96

$000 0.00036 63Z58.93 0._99 9.66

TWO-PHASE BOUNDR¥

(3v/3r_(v THERMAL VISCG_TY TH
CONO jCT_TTY OI c_

t/OEO.

_.0057113

0.00_7634

0.0066]61

0.00_0917

0.05569_E

0,0_3_g_5

0.026_983

0.0266250

0.026090_

0.07254_I

O.O?t_?gg

0.0E35160

0.018843_

0.0181122

0.017_3_8

0.016_16_

0.01623_9

O.0167O3?

@.015_0Z6

0.0147343

0.0156053

0.0177005

0o0119913

0.0IIE987

0.0101273

0.009_308

@.0091814

_.00_994

0.0_80569

0.0071002

0.O066955

0.0062?25

0.0059001

0.00556q7

0.0052744

0.00500_0

0.0045513

0.004_705

0.00384@7

0.0035730

0.0033343

0.00_1_56

0.0079414

0.3027770

0.00?8314

0.00Z49_8

0.0023896

0.0022723

0.00217_5

0.0020879

0.00199_5

0,0019226

O.OOtqSt4

0.0017853

0.0017237

0.0016663

0.001_3_1

0.001428?

0.001_97

0.000_990

0.000_999

0.0003333

0.0002509

0.033_091

0.04214 1.Tlq _.00 c74 1,2_70

0.0_55_ I.:_ 3.]0_ ¸_ lo?_g_q

0.05332 l.J_O 0._51: 1.242_5

0.0_492 1.I_q 3.0060_ 1.?]q0_

0.056)2 C._ql _. TCE,=_ 1.2_903

0.05_11 0.97q ;.00\_' 1.23_47

0,0_0 O.OZt 0.35=07 1.002Br

O.OO_q O.U7_ D.OEI;_ I.C02TD

0.009_q O.;Z_ J.]700 _ 1.00253

0.010_2 0.3_? O._T&:_ 1.0_Z3_

E_M_L D!ELECTQ[C PPANOTL

_ISIV_TY CONST_Nr NLHBE_

rT/_

0.010_I

0.011_

0.01170

0.01237

0.O12R6

O .01375

0.0137_

0,01419

0.01463

C.01507

0.01E_2

0.015_7

0.F16_?

0.016_7

0._1732

0.01044

0.01955

0.0206?

0.02179

0.0?290

0.02402

0.02554

@.O?634

0.02758

0.0300?

0.03131

0.033_9

0.03671

0.03989

0.0_307

0.051_6

0.056?6

0.06130

O.08gIF,

0.97553

0.08058

0.087_1

0.0_g62

0.09131

0.09262

0.093?0

0.09466

0.09_57

0.096_7

0.09741

0,09839

0.099_4

0.1005_

0.10171

0.1029_

0.104_3

0.10_66

0.10933

O.ll?o@

0.12026

0.13565

0.277_7

0.39701

0.7397_

Z.721_0

0.9_ 9,D97_

%,33_ 3.10760

G.097 g. ll@O!

0,1_1 3.!?A7 ¸_

0.10_ 0.13 °q?

0.10_ _.1_15 _

_.1I _ _.16397

0.116 go_4_ _

0.11° 3.1_7:_:

t?_ 3.19991

0 1_6 3o212_+

C.129 3._?82_

0 13_ 0.2400"

144 O.?qI_T

C.i52 0. T300 _

O.t_ " 3.4138_

0 !75 O= _7_

0 $_? 0._0_I$

O.i@_ 0.5500_

0 i_6 _.60C5 _

0.203 0,6_51

0.210 3.?028_

0.717 O. 75_41>

G._ 1.07056

0.?60 1.14019

0.37" 1._602 _

0.307 t._640

0.37_ 1*72°71

_.343 1.q0573

0.388 ?.57373

0.40_ ?._olq!

0._I_ ]o73317

0..53 _._63q0

6.464 4.627_

0.4_4 _.qqo?5

0.483 5._662_

0.493 5.75104

0.50Z 6,144_

0.51t 6._6_]

0.37_ 5_957_3

0.SZ9 _.37721

0.53_ 7.60_96

0.5_7 _.74281

0.';56 3.68917

0._04 _.14461

0.5?3 9.60895

O.ql_ 12.06_54

0.T42 70.T910_

1.17_ 81.33400

1.7_q 79_,5_qfl7

1.0032h

1.0071_

1.[020_

1.0019_

1,001_7

1.00179

1oCqi73

I,C0165

1.00154

1.001_q

Io00144

1.0013_

1.00135

to00131

1.0017 _

1.013114

1.00107

1.C0101

1.00391

1.000_7

1.000_3

1.00079

1.0007_

[.00073

1.00070

1.00085

1.00060

1.00057

1.00053

1.0005q

l. O00_

1.C00_

1.00J41

1.0003_

1.0_3_

1.00032

1.00030

1.00028

1.0002_

1.0002_

1.00024

1.00073

1.00022

1.00071

1.000Z0

t. OOOtq

1.0001_

1.000t7

1.000!7

1.00016

1.00016

1.00015

1.000[_

1.00013

1.00311

t. OOQOq

1.0030_

1.0000_

1.00002

1.00007

_.T

Z.23_3

2. Z072

?.0163

1.7118

1._350

1._233

l. _553

I, 34_4

g.77_3

O. T_@3

0.7517

0._469

_.F363

0. T31q

0.??T0

0.7239

0.72?4

0._209

0.7194

0.7176

0.7160

0.7140

0.7121

0. 7103

0.705_

0.7017

0._978

0.6045

0.6919

0._901

0.6093

0.6@73

0.685?

0.6654

0.6063

0.6885

0.6960

0. 6982

0.6990

0.7023

0.6854

0.6873

0.68@9

0.691_

0,6Q30

0.6939

0.6942

0.6941

0.693?

0.6931

0.69?4

O. 8917

0.6909

0.6902

0.6@95

0,6@89

0.6883

0.6@78

0.6@74

0.60?0

0.6887

0.6@64

0.6861

0.6856

0.686?

@.6@47

0.6841

0.5318

0.5?40

0._13

0.3771

r
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C_Zo

IW.696 PSIA 1538AR

TEMPERATURE VOLUNE

3EG, R CU FT/LO

24.903 0.2G785

25 0.20799

26 0.20921

20 0.2119_

30 0.21403

32 0,21799

34 0.Z2145

36 0.Z_5_8

" 36.483 0.22629

" 36.483 11,97202

38 12.58367

40 13.40)23

42 14.21951

44 15.01020

46 15.80777

48 16.58996

50 17.36605

52 18.13695

54 18.g0349

56 19.66626

58 20.4Z_73

60 21.18234

6Z ZI.936_1

6_ ZZ.68824

66 23.43008

68 24.10615

70 24.93261

75 26,79_77

80 28.66584

85 30.493Z3

90 32.33603

95 34.17504

100 36.01089

105 37.84410

110 39,67506

115 31.50409

120 43.33147

1ZY 45°15741

130 46.98209

140 50.62827

150 5_.27098

160 57.91092

170 61.54B62

180 65.18448

190 68.81869

ZOO ?2.45163

220 79.71433

240 86.9737;

260 9_.23066

280 101.48566

300 108._3913

320 115.99138

340 123.24263

360 130.49307

380 137.7_283

_00 14_.99201

4_0 152.24071

440 159.48899

;60 166.73691

480 173,98652

500 181.23186

520 188,47097

540 195,71173

560 202.95782

580 210.Z0374

600 217._3952

650 235.56347

700 253.67_84

800 289.90234

1000 362,35041

ZOO0 724.57392

3000 1086.84976

4000 1453.62588

5000 1879,61030

TWO-PHASE BOUNO_Y

THERMOO_NAMIC PROPERTIES OF PARAHYOROGEN

[30THERM ISOCHORE INTERNAL ENTHAL_Y ENTROPY CV CP VELOCITY

DE_IVATI#E OERIVATI@E ENERGY OF $OUNO

CU rT-PSIAILB P$1AIR BTUILB BTUILB 8TUIL@-R BTu / L8 -R FTISEC

2714.95 _4.4842 -132.887 -132.3_1 1,18743 1.11_ 1.525 4142

2692.74 74.476? -132.727 -132.161 1.19383 1.121 1.533 _131

2;87.94 74.376_ -131.166 -130.597 1.25520 1.149 1.617 4028

2320.03 72,4851 -127,832 -127.256 1.37897 1. Z0_ 1,729 3932

2159,01 71.0900 -124,264 -123.679 1.50231 1.252 1.853 38_6

2006._9 69,7983 -120,441 -119.$48 1,62592 1._98 1.982 3767

1839,75 68,3486 -116.350 -115.748 1.75016 1.339 2.125 3678

1_77.90 66.9173 -111.971 -111.358 1.07564 1.374 2.276 3589

1647.82 66.5009 -110.853 -110.237 1.90657 1,381 2.310 3573

156.83 0,4675 48.872 8t,352 7.16221 1.555 2.904 1165

167.56 0.4417 51,469 85.713 7.27660 1.536 Z.83_ 1197

181.23 0,4118 54,816 91.309 7.42015 1.521 2.767 1236

19_.43 0,3865 58.097 96.793 7,55393 1.511 2,719 1273

207.27 0,3647 61.326 102.196 7.67960 1.505 Z,684 1309

219.86 0.3456 64.518 107.536 7,79831 1.501 Z,657 13_3

232.]8 0.3285 67.682 112,828 7.91092 1. h98 2,635 1376

2_4.34 0.3133 70.8_2 118.J81 8.01813 1o496 2,617 1407

256.34 0.2995 73.94_ 123,300 8.12049 1.49_ 2.602 1_38

268.22 0.2869 77.050 128.492 8.21846 1.493 _.590 1468

_79.99 0.2755 80.162 133.660 8.31243 1.492 2.579 1997

291.66 0.2649 83,223 135,808 8.402?5 1._91 2.569 1526

303.25 0.2552 86.294 143.938 8.68971 1.490 Z.561 1554

314.76 0.2_62 89.356 149.051 8,57354 1.489 2.553 1581

32_,Z1 0.2379 92,410 154,151 8.65450 1.488 2.547 1608

337.59 0.2301 95,457 159.239 8,73278 1.488 2.541 1634

346.93 0.2229 98.498 164.316 8.80856 1._88 2.536 1660

360,22 0.2161 101.535 169.384 8.86202 1,488 2.532 1685

388.27 0.2008 109.111 182.022 9,05640 1.480 2.524 17_6

;16.11 0.1876 116,673 194.627 9.21911 1.491 2.519 1805

_43.79 0.1761 124.237 207.218 9,37176 1.495 Z.518 1861

471.33 0.1659 131,014 219,810 9.51571 1,502 Z.520 191_

;98.76 0.1569 139._22 232.423 9.65210 1.511 Z,526 1965

526.10 0.1488 147.879 245.075 9,78189 1,525 Z.536 2013

553.36 0.1_16 154.803 257.788 9.90594 1.542 2,550 2059

580,56 0.1350 162.616 270.584 10.02498 1.563 Z.569 Z103

607.70 0.1290 170.540 283.k85 10.13967 1.588 2*592 21_;

634.79 0.1235 178.596 296.516 10.25057 1.618 2.620 2183

661.84 0.1185 186,808 309.695 10.35810 1.652 2.653 2219

_88.85 0,1138 195.197 323.0_9 10,66293 1.690 2.689 2254

742.78 0.1056 212.585 $50,360 10.66528 1.777 Z.775 2318

796,61 0.0985 230,907 378.595 10.8600_ 1.878 Z.874 ZSFT

850,36 0.0923 250.273 407.866 11.048_1 1.987 2,982 _431

)04.05 0.0868 270.754 438.246 11.23306 2.101 3.095 2484

@57.68 0.0819 ?92.381 460.768 11,41320 Z.217 3.209 2534

1011.26 0.0776 315.118 502,394 11.58022 Z,329 3.321 2585

1064.80 0.0737 338.976 536.139 11.76216 2.436 3,427 2634

1171.79 0.0669 389.666 606.593 12.09779 2.622 3.612 2735

1278.69 0.0613 443,638 680.320 12.41826 2.763 3.752 2836

1385.51 0,0566 499,936 756.366 12.72273 2.857 3.8_6 2939

1_92.20 0,0526 557,712 833.885 13.00986 2.908 3,896 30_3

1599,00 0.0490 616.108 912.020 13.27951 2.925 3.913 3168

1705.69 0,0460 674.578 990.226 13.53198 2.917 3.904 3252

1812.35 0.0433 732.698 1068.071 1].76759 Z.891 3.878 3356

1918.98 O,OhCq 790.172 1145.283 13.98833 2.855 1.842 ]459

2025,60 0.0387 8_6.874 L221.71_ 14.19497 2.814 3.801 3560

2132,20 0.0368 902.735 1297.301 14.38891 _.772 3.758 3660

2238.78 0.0350 957.760 1372,053 14.57125 2.731 3.717 _758

2345.35 0.0334 1012.00_ 1446.021 14.74334 _.693 3.67q 3853

Zw51.ql 0,0320 1065,523 1519.284 14.90615 2.659 3.646 39_6

2558,46 0.0306 1118.405 1591.860 15.06043 2,629 3.615 4037

2665.00 0,0294 1170.727 1663.91_ 15.20763 2.683 3.590 4126

2771.54 0.0283 1222.570 1735.;?_ 15,34810 2,581 3.567 4213

2877.8? 0.0272 1273.025 1806.616 15._8235 2.562 3.548 4Z97

2984.39 0.0262 1325.036 1877.345 15.61048 2.547 3.533 4379

3090,89 0.0253 1375.836 1947.86_ 15.73307 2.534 3.521 4660

3197.G0 0.0245 1426.442 2018.188 15.85333 2.524 3.510 4539

3463.65 0.0226 1552.101 2193.140 16.13368 2.505 3.492 4729

372_.88 0.0210 1677,108 2367.439 16.39228 2,495 3.481 4910

4_62,31 0.0184 1925.996 2714.908 16,85657 Z,_ST 3.473 5251

5327.07 0.0147 2423,304 3_00.369 17,63088 2,488 3.474 5870

10650.42 0.0073 4960.880 8941.663 20.07153 2,644 $.630 8230

15)73.59 0.0049 7759.900 10717.5_5 21.58881 Z.946 3.933 9940

21296.74 0.0037 11103,038 15058,801 23.02614 4.024 5.091 11171

26619.88 0,0029 17575.283 _2690.268 25.53754 9.818 11,6?8 12101

378

[
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lk. Bg6 P$IA IS081R

THFRMODfNAMIC PROPERTIES OF RARA_YDROGE_

TENPERATURE DENSIIY V(OH/DV)j) VIDP/OU) V -V(OP/OV) T

DEG. R LBICU FT BTUILB PSIA-CU FI/BTU PSIA

(DV/DT_(V TH_RHAL
CONDUCTIVITY

C- 21>

VISCOSITY tHErMAL OIELFCTRIC PRANDTL

DIFFUSIVITY CONSTANI NUMBER

_/DEG, R BTU/FT-MR-R LR/FT-SEC SQ FT/HR

x %0 _

1.216 0.00575 1.25176 2.2321

1.?02 0.00577 1.25157 2.2088

1.581 0._0569 1.2_9_q 2.01q9

1.]7q 0.0061w 1,2w656 1.7131

1.223 0.0061_ 1.24297 1.5310

1.097 Q.00605 1.23g1_ t.h2hO

O.qgh 0.0058_ 1.23517 1.3556

0.906 0.00563 1.230q9 t,3051

0._87 0.00c60 1.22978 1.2892

0.076 0.0_037 t. OOWO_ 0.SCgO

0.079 0.0_87 1.0038h 0,795_

0.383 0.05109 1.00360 0.7815

0.087 0.057_0 1.003_0 0.7708

0.090 0.06_15 L.00322 0.7610

0,09_ 0.07103 1.00306 0.75_7

0.098 0.07815 1.00291 0.7_85

0.102 0.0_555 1.0027R 0.7_29

0.105 0.0931t 1.00266 0.7378

0.109 0.1011_ 1.00256 6.7330

0.113 0.1090_ 1,001_6 O. 7305

0.116 0.11719 1.00236 0.7282

0.120 0.1255_ 1.0022_ 0./259

0.1Z3 0.13426 1.00220 0,1235

0.126 _.I_31_ 1.00213 0,7211

0.130 0.15235 1.00206 0, T109

0.133 0.16178 1o00100 0.7166

0.136 0.171k_ 1.0019k 0,71_

0.1h5 0°19665 1°00100 0.7093

0.153 0.22321 1.00169 0,70_5

0.160 0.25127 L.00158 0.1003

0.168 0.28052 1.00149 0.6966

0.175 3.31003 L.001_1 0.6937

0.183 3._209 1.00t3_ 0.6916

0.190 0.37_05 1.00128 0.6906

0.197 3._078_ 1.0012_ 0.6885

0._03 0._26_ 1.00116 0.6867

0.210 0.47766 1,00111 0,6863

0.21T 0.51280 1.C0107 0.6871

0.123 0.5_786 1.00103 0,6892

0.236 0.61732 1.00095 0,6966

0.2_8 0.69_1T 1.C0089 0.6987

0.260 0.77567 1.00083 0.699_

0.272 0.857h7 1.00078 0.7026

0.307 1.0515_ 1.0007_ 0.6059

0.326 1.17627 t.00020 0.6616

0.3k2 1.29602 1.00067 6,6892

0.368 1.5263q 1.00061 0.6917

0.388 1.75087 1.00055 0.6933

0,_0_ 1.97h_ 1.00051 0,69_1

0._18 2.199R_ 1.000_8 0.69_

0.k31 Z._2897 1.000_ 0.69_3

O.hk_ 2,06265 1.000h2 O. 6938

0._53 2°90161 1.00039 0.6932

O.W6_ 3.1_R96 1.00037 0.6925

O._lk 3.]9608 1°00035 0.6917

0._83 3.65_05 1.00033 0,6910

0._93 3.91397 1.00032 0.6903

0.502 k.18114 1.00030 0.6896

0.511 _._5539 1.00029 0.6889

0.520 _.7350_ 1.00018 0.68_

0.519 5.0208_ 1.00027 0.6879

0.53_ 5. 31271 1°00026 0.6814

0.5_7 5°61007 1.00015 0.6870

0.556 5,q1389 1.0002k 0.6867

0.565 _._2388 1.00023 0.606k

0.513 6.53993 1.00022 0.6861

0.595 7._5679 1.00020 0.6856

0,616 8,21_62 1.00019 0.6852

0.659 10.0393_ 1.00017 0.68_7

0.7_Z 1_.15056 1.00013 0.68_1

1.11_ 55. 3h8_5 1.00007 0.5318

1.472 109.65920 1.0000_ 0.5253

1,T89 19_._30_3 1.00003 0.k_95

Z.120 381.17027 1.00003 0.3763

* 2W,903 W.01120 167.61 13,6h6 13062.39 0.0057022 O.OWZZ2

25 _.80787 266.57 13.819 129_6.36 0,0057_27 0.0_253

26 _.779F9 258.55 13,5_8 11891.82 0,00625_5 _.0_556

28 W,71885 161.20 12.779 109_7.86 0,0066209 0.05011

30 k,65k93 _61.90 1_.19k 10050.02 0.00707]6 0,05305

31 k,5873_ _61,3_ 11.720 9203.5_ 0.0075839 0.05h97

3_ W.51562 157.91 11.323 0307.61 0.008_39] 0.05607

36 _.W3898 253.38 10.915 7_8.]7 0.00898_ 0.05692

) 36._83 k._1902 Z52.90 10.895 7281.73 0.0091326 0.05T20

) 36._83 0,08353 81.37 3,600 13,10 0.0_56912 0,00979

38 O.O79WT 85._2 3.619 13.3_ 0.0311717 0.01010

kO 0.07_8 90.80 3.632 13.5_ 0.030_691 0.0105_

k2 0.07033 96.20 3.638 13.62 0.0182691 0.01100

kk 0.06659 101.58 3.640 13.80 0.016_268 0,011_T

k6 0.06326 102.93 3.6h0 13.91 0.01_8k_7 0.0119_

_0 0.06018 112.26 3.638 1_.00 0.021_756 0.012_2

50 0.05T50 117,55 3.631 1_.07 0.0212656 0.0128q

52 0.0551_ 122.82 3,635 1_.13 0,0Z11886 0.01337

5W 0.052]0 118.06 3.633 1k.19 O.OZOZZ_O 0.01386

_6 0.05005 133.?7 3.632 1_.2_ 0.0193_0] 0.01_30

58 0.0_896 138,k6 3.630 1k.28 0.0189538 0.01_T_

60 0,0_121 1_3.63 3.629 lk.32 O.Ot?OZT_ 0.01518

6Z 0.0W519 1_B.70 3.628 lk.35 0.0171605 0.01563

6k 0.0k408 153.92 3.626 1;.38 0.0165;5k 0.01602

66 0,0_Z5? 155.05 3.625 lh.qO 0,0159760 0.01652

66 0.0_135 16_.18 3.623 1k._3 0.015_471 0,01696

70 0.0_01t 16_.30 3.621 lk._5 0.01_95_2 0.01T_1

75 0.03731 181,13 3.615 1_,_9 0.0138565 0,01852

80 0.03431 19T.02 3.606 1_.53 0.0119161 0.01963

B_ 0.032_9 208.06 3.592 1_.55 0.0121002 0.020T5

90 0.03093 221.32 3,57_ 14.58 0.01138_9 0.02106

95 0,02926 _3_,90 3.5_8 1k.59 0.0107521 0.02297

100 0.027?? 2_8.89 3.516 1_,61 0.01018_0 O.O_k09

tOS 0,02642 263.39 3._75 t_.6Z 0.0096816 0.02510

110 O,OZBZO 178._8 3._22 1_.63 0.009Z2_3 0.026_1

115 0.02_09 _9_._5 3.371 1_.6_ 0.0008093 0.0176_

IZ0 0.01308 310.79 3.308 1k.65 0,000_306 0.0_088

12_ 0.0_21_ 328.15 3.239 1_.66 0.0080858 0.03012

130 0.02128 3_6.37 3.166 lk,66 0.00776;0 0.03136

140 0.01975 385.52 3.000 1_.67 0.00719/9 0.0338k

150 0.01&_3 _Z0.32 2.046 1_.66 0.0062091 0.036?6

160 0.01T27 W74.Bk 2.689 lk.68 0.0062831 0.0399k

110 0.01625 523.79 2.542 1k,69 0.0059085 0.0;312

180 0.0193_ 5?5.50 2.k09 1_,69 0.005576_ 0.05177

190 0.01_53 $29.00 2.292 lk.69 0.0051797 0.056?6

ZOO 0.01380 883.55 Z.192 1_,70 0.0050133 0.06130

220 0.0125k 193,06 2,036 tk.?O 0.00455_2 0.06916

240 0,01150 _99._ 1.931 1_.70 0.00_17_ 0.07553

260 0.01061 99_.92 1.867 1_.70 0,0038_99 0.08050

280 0.00985 _090.23 1,83_ 1_.70 0.0035?39 0.08_6

300 0.009_0 1113._0 1.823 1k.70 0.00333_ 0.087_1

320 0.00861 12_0.g? 1,818 14.21 0.0031_59 0.08962

3kO 0.00011 1310._Z 1.8_ 1_,71 0.0029_16 0.09131

360 0.00?66 1383.12 1,862 1_.71 0.00277?9 G.09263

300 0.00726 2_k.20 1.09k 1_.T1 0.002631_ 0.093?0

400 0,00690 1503.57 1.923 1_.71 0.002_997 0.09_67

_20 0.0065? 1561.62 1.951 t_.?t 0.0023809 0,0955?

_kO 0.00627 1_19.31 1.929 1_.21 0,0022722 0.096_7

460 0.00600 1677.38 2.00_ 1_.71 0.0021733 0,097_t

480 0.005?5 1735.90 2.02T lk.71 0.002002? 0.09839

SO0 0.00552 1795.33 2.Ok? lh.?O 0.001999k 0.099_4

520 0.00531 1055.68 2.06k 1_,70 0.001922_ 0.10056

5kO 0,00511 1916.76 2°079 lk.70 0.0010512 0.1017t

560 O.OOk]3 1979.36 2.092 1k,70 0o0017851 0.10296

500 0.00k76 20_2.62 2.101 1q.70 0.0017235 0.10_2k

660 0.00_80 2106.61 2.111 lk.?O 0.D016661 0.10557

650 0,00_15 2170.31 2,126 1_.70 0.0015379 0.1090_

100 G.O03_k 2_37,_1 2.135 1_.70 0.001_200 0.11169

600 0.003W5 2T79,N9 2olkl 1_,?0 0.0012k96 0.12027

1000 0.00216 3_75.00 2.1k0 1_.70 0.000999? 0,13566

2000 0.00130 7260._2 2,014 lk.?O 0.000_999 0.27717

3000 O.O00]Z 11001.12 1.807 1_,?0 0.0003333 0.3968?

_000 0.00069 _0299._1 1.327 1k.65 0,000250_ 0.690k0

5000 0,Q0053 56272,01 0.563 1_.16 0.000207_ 2.36029

TWO-PH&$E BOUNDRY

r
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C-2b

15 PSI& I$0B&_

TEMPERSTURE VOLUME

3EG, R )U FT/LB

25 0.2O199

?6 0.20921

28 0,21191

30 0.2148Z

32 0,21798

34 O.ZZlk5

36 0.22527

36._ 0.22655

• 36.508 11.75Z96

30 12.30213

40 13.11369

4? 13.90]75

44 14.69400

46 15.46920

40 16.2368_

50 16,99840

52 12.75425

54 18.50669

56 19.75403

58 19.99968

60 20.74L65

E? 21.40107

64 ZZ.21824

66 22.95343

68 23.60603

70 24.41063

75 26.24211

00 28.05049

85 29.86919

90 31.61529

95 33.47760

100 35.276?5

105 37.07325

110 38.86751

115 40.65984

120 _2.45011

125 4_.23914

130 46.02771

140 49.60040

150 53.169/8

160 56,73630

170 60.30059

180 63.86303

190 61._Z38Z

200 10.98334

220 18°09922

240 05.21180

260 92.32189

280 99.43005

300 106.53669

320 113.64Zll

5_0 120.74654

360 127.8501_

300 134.95302

400 142.05542

470 149.197?9

440 156.?$876

_60 163,35983

480 170.46062

500 177.56113

520 10_.66161

S40 191°7_165

560 198.84691

960 Z05.94601

bOO 213.04_97

650 230.79187

700 240.S30Z0

800 284.0z961

1000 355.00949

2000 709.89199

3000 1064.029Z5

4000 1424.12259

5000 1840.83856

0 TMO-PHASE 90UMORY

ThERMOOYNAMIC PR_PEPT|ES F_F PAP&_YZ)RC)GEN

ISOTMFP5 ISOCHORE ItlTFPNAL _NTHAIPY ENTROPY CV CP VELOCITY

OE_IVJTIVL OERIVATI4_ ENERG_ Or SOUND

_U :T-P_IA/LB PSIAI_ BTU/LB 8TUIL_ BIUILB-_ BIJ / L_ -P FTISEC

259_,50 7_.4787 -132,/29 -132,151 1.1q377 t,l?t 1.533 413_

Z488,43 74,]031 -131.168 -130._87 1._5513 z.t_ 1._12 40Z9

2320,50 ?_.4910 -127.8_ -127.24_ 1.3789_ 1.202 [.729 _933

2159.47 71.095/ -124,267 -I23.o/0 1,50223 L.252 1.052 3847

?006.78 69._038 -1_0._4_ -119.039 1,6250_ 1o_98 1.9_ 3767

18_0,73 68.454? -116,35_ -115.23_ 1.75000 1,33_ ?,ITS )679

1577._0 66.97_9 -111.q_5 -111.]64 1,R7553 1,]7 Z.276 5590

1631,31 66,4004 -110.568 -10_.930 1.q1419 1,3_ Z°]_O 3567

156.87 0.4766 48,968 81.61I 7,1403_ 1,51_ _.917 1166

t66,76 0._523 51.357 89.5?7 1.25330 L.53_ Z.8_5 1195

180.5Z 3,_1_ 5_.719 91,1_4 1.39t35 1.523 Z,725 1235

193.79 _,3955 58°007 96.043 /.53151 L,51? t,l?6 1ZI?

Z06.64 0.3730 61.243 tOZ.35_ ?.65746 .506 Z,690 1300

219.29 0.]533 b4._h? 10?.403 ?,77640 _,507 2,662 1342

?$1.60 0,3359 _7,610 112.210 7409_0 1.49_ ?.639 1315

143.87 0._202 70.?55 11/.970 _99657 t.49_ Z.62! 1407

_55.91 0.3062 73,_81 1_].196 8.09906 I,_9 Z.696 163_

267,82 0.Z93_ /6.990 t28.]9_ 8.t9715 1.44 Z.592 1468

219.61 0,2015 50.086 13_,56_ 8.Z9122 i._ Z.581 1497

Z91.30 0.2707 83,169 130,220 8.38162 t._9 Z,571 15?6

307,91 0,2607 86,_43 1_3,055 0,_606_ 1.490 2,563 1554

314,44 0.2515 d9.307 140.977 0.55256 1,4R_ _.555 1581

]25.90 0.243_ 9?,363 154.075 0._3358 L._ 2.5_8 1608

337.31 0,7350 95,412 159,167 8,711_1 1,_B" _,543 1634

34_.66 0.22?6 98.455 164o748 8,78774 1,47= 2.538 1660

359.96 O.Z?O7 101.493 169.318 0._61_4 1.48_ ?.533 1685

]88.04 0.?051 109,073 181.96_ 9.03571 1.400 2.525 1746

415.91 0.1916 116.639 19_.57_ 9.19849 I._91 Z.520 1805

443,61 0.1798 I24.204 20/.169 9.35120 1,445 Z.518 1861

471.17 0.1694 131.784 219.765 9.495Z0 t.50Z 2.521 1914

498.62 0,1602 [39.394 23?.$8? 9,63162 t.511 ?.526 1965

525,97 0.1520 14/.053 Z49.037 9.261_5 1.525 _.536 ?013

553.25 0.L445 156,779 Z57,753 9.8855? 1.5_2 ?.551 2059

580.46 0.1378 162,593 270.551 10,00459 1.563 ?.569 2103

_07.61 0.1312 170,518 283,_54 10.11930 1,580 ?.593 _144

534.71 0.1261 178,575 296,486 10,730ZZ 1.610 ?.621 2103

561.77 0.1209 186.708 309.660 10.337_4 1.55_ 2.653 2219

688.79 0,1162 195.178 323.024 10.44260 1,690 2.690 225_

74_.73 0,1078 212°568 ]50,338 10.64498 _.777 Z. 275 2318

?96.58 0.1005 230.891 ]70.575 10.03975 t,020 ?.874 2377

850.33 0,0942 250,?_8 _07.848 11.02864 1.982 Z.982 Z431

904.03 0.0886 270.740 438._31 11.21279 ?.101 $.095 ?484

957,66 0,0836 292,369 469°754 11,39294 ?.211 ].Z09 2534

1011.25 0.0792 315.106 502°382 11.56897 Z. 329 3.321 2585

106k.80 0.075? 338,965 536.120 11,7_192 ?,436 3.4?7 Z634

1171,81 0,0683 389,656 606,584 12,07756 Z,5_2 3,617 2735

t278.71 0,0626 443.630 680,31] lZ.39804 2,761 ].252 2836

1385.54 0.05?8 499.9?0 796,381 1Z.7025Z 2,85? 3.046 E939

1492.32 0.0536 557.704 833,880 12.98965 ?.908 $.896 3044

1599.05 0.0501 616,101 912.017 13.25931 Z.925 ],913 3148

1705.74 0.0469 _74.572 990.?24 13.51170 2.912 1,904 3252

1812.40 0.044? 732.685 105_.070 13.24739 2.891 _.028 3356

1919,04 0.0417 290.166 11h5.282 13.98814 _.055 $.842 3_59

Z025.65 0.0395 846,869 12?1.714 14.17477 ?.01_ ].801 3_60

Z132.Z5 0.0375 90Z.730 I291,302 14.36871 2.T22 3.758 3660

2238,84 0.035? 957.756 1372.054 14.55106 2,731 3.217 3798

2345,61 0.0341 1012.000 1446.023 14.?2315 2,693 $.679 3853

2_51,92 0,0326 1065,_]9 1519,262 lk,88596 ?,659 3.6_E 3946

2598,53 0.0313 1118. 1591.872 15,040Z4 2.6_9 ]o615 4037

2665.07 0.0300 1120, 1663.912 15.18744 Z, 601 3.590 4126

2271.61 0.0289 1222, o 1135,401 15.32791 2._! ].567 9213

207".94 0.0?78 1274.0?? 1806.619 15.46212 2,5_? ].548 4297

29_.46 0.0268 1325.033 10tl.349 15.59029 ?.561 3.533 4379

3090.97 0.0259 1375.833 1_42.560 15.71386 2,534 3.521 4460

3197.47 0.0250 1425.440 2018.192 15.833!' 2,_?_ 3.510 4539

3463,72 0.0231 1552.099 2193.145 16.113 ?.505 3.49? 4729

3?29.96 0,0?14 1671,106 2361,444 16,372. ?._95 $.481 4910

4262.39 0o0188 1925.995 _214.914 16,8363_ Z, 482 3.473 5251

5327.16 0.0150 ?_2],303 ]409.379 17,61069 2._ 3._74 5810

10550.50 0.0075 _959.079 _941.571 ?0.05155 2,6_ ].630 8230

15973,68 0.0050 7759,848 10217.500 21.568_ ?,946 3.933 9940

21_96.03 0,0030 11100,0_? 15055,656 23.005_ 016 _.081 11123

26619,96 0°0030 17539.593 ?2657,694 25.5090_ 754 ',60_ 12102

I
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d

15 PSIA IS)BAR

TEMPERATURE DENSITY

3EG. R LB/CU FT

THERMOOfNAMIC PROPERTIFS OF PAPAHY]@]GFN

V(DMIDVI), V(OPlDU) V -V(OPlDV} T

BTU/LB PSIA-CU FTIBTU PSIA

2_.90_ W,01135 _67,50

28 4.71808 E61.23

30 4.65506 261.93

32 6.587Wg 261.30

3W W.$1579 757.q5

36 4,43916 253.42

36,600 W.G1611 252.51

" 36.b00 0.08508 01._

38 0.08129 05.25

_0 0,07626 9_.65

kZ 0.07109 9E.05

66 0.06805 101.4_

46 0.06456 10_.00

48 0.06159 112,13

50 0.05803 117,4k

5Z 0.05632 122.71

54 0.05403 127.95

56 0.05196 133.17

58 0,05000 138.37

60 0.06021 143.54

62 0.04655 148,70

66 0.0_501 153._

66 0.04357 158.98

60 0.0_222 164.11

?0 0,04095 169.23

75 0.03811 18_.07

80 0.035_4 194,97

85 0.03368 Z08.01

90 0.03157 Z21.28

95 0.02987 _34.66

100 0.02035 Z40.BB

105 0.02697 Z63.35

110 0.02573 Z78,kk

115 0.02459 294.22

120 0.02356 310,76

125 0.022_0 328,12

130 0.02173 346.34

140 0.02016 305,50

150 0.01001 428.29

160 0.01763 W74.SZ

1T0 0,01650 5E3.76

180 0.01566 575.48

190 0.01403 628.90

200 0.01409 &83.54

2Z0 0.01Z00 793.05

240 0.01174 899.21

260 0.01003 998.91

200 0.01006 1090.23

300 0.00939 1173,41

320 0,00000 1_48.98

340 0,008Z8 1318._3

360 0.00782 1383.13

300 0.007_1 1449.29

400 0.00704 1503.50

420 0,00670 1561.64

440 0.006_0 1519,33

460 0.00612 1_??.40

480 0.00507 1735.92

500 0.00563 1795,35

520 0,005_Z 1_55.70

540 0.005_Z 1_1(,78

$60 0,00903 1979,38

580 0,00486 Z042.65

600 0.00469 2106.83

650 0.00433 2_70.34

700 O,O040Z 2437.44

600 0.0035Z Z279._1

1000 0.00Z02 3k75,03

2000 O.OOLWL 7160.96

3000 0.00096 11000.41

4000 0.000_0 20_61._7

5000 0,000_4 55033.54

IWD-PNASE BOUMORY

13.045 1306&,08

13.B_9 I2950._3

13.549 11894.67

12,780 10950.37

12,1q5 10017._q

11,771 920_,10

11.37_ 831_.10

10.97S 7_50,69

10.876 77_7.79

3.601 13.35

3.618 13.56

3.63? 13.77

3.63_ 13.93

3.640 14.07

3,640 14.18

3,63q 1_.77

3.638 14.35

3.636 L4._1

3.63_ 14.47

3.63_ 14.52

3.631 14,57

3.629 14.60

3,628 14.64

3,677 14.67

3,625 14.70

3,674 16,77

3.627 14,74

3.615 14.79

3.606 14.82

3.593 14.85

3.574 14.60

3.549 14.09

3.516 14.91

3.476 14.q?

3.428 14.93

3.37? 14.94

3.309 14.95

3.240 14.96

3.166 14.96

3.000 14.97

2.847 1_.98

?.609 14.99

?.5k2 14.99

2.409 15.00

2.29Z 15.00

2.197 15.00

2.036 15.00

1.931 16.01

1.867 15.01

1.834 15.01

1.823 15.01

1.828 15,01

1.044 1_.01

1.867 15.01

1.895 15.01

1.923 15,01

1,952 15.01

1.979 15.01

2.00_ 15.01

2.0?7 19.01

2,047 15.01

?.064 15.01

_,079 15.01

_.092 1S.01

2,I07 15.01

2.111 15.01

2.176 15.01

2,135 15.01

_,141 15.01

2,1_0 15.01

2.014 15.00

1,807 15.00

1.330 14.99

0.566 14,46

(_v/Dr_/v THERMAL
CONDUCTIVITY

t/DEG. R BTU/FT-HR-R LB/F T-SEC SQ FT/HR
x 10"

C-2b

0.0057016

0.00S7511

0.0062536

0.0066?00

0,0070776

0 00750?3

0 0082375

0 0089821

0 00q1875

0 0357072

0 0333702

0 030_16_

0.078385?

0.076Slq_

0.0?49?65

0.07353_6

0.0723187

0.0212339

0.0202609

0.019382_

0.0185032

0,01795t?

0.017183?

0,0165656

0,0199960

0.015463?

0.0169607

0,0138677

0.0179749

0.0171073

0.0113907

0.0107569

0.010L919

0,0096869

0.0_92271

0.008_116

0,000_377

0.0080055

0.0077663

0.0071991

0.0067100

0.006283_

0.0059090

0.00557_0

0.0057890

0,0050136

0.0045563

0.00617?5

0.0038500

0.003_739

0,0033369

0.0031259

0.0029416

0,0027779

0.0026314

0,00249_7

0.0073805

0.0022722

0,0021733

0.0020027

0.0019993

0.001972_

0,0010512

0.00178S1

0.0_17235

0,0016661

0.0015379

0.0016700

0,0012495

0.0009997

0.0906999

0.00033_3

0.000Z508

0,0007075

VISCOSITY THERMAL DIELECTRIC PRANOTL

DI_rUSIVITY CONSTANT NUNBER

O.Ok?_? 1.716 0.00575 1,25177 2.2319

0.0_5_ 1.?02 0.00577 1.75158 ?.2089

0.0_557 1.581 0.00590 1.74999 2.0701

0.05011 1.380 0.00616 1.74657 1.7138

0.05305 1.?73 0.0061_ 1.24290 1.5371

0.0_497 1,097 0.00605 1,23919 1.4240

0.0_607 0.99_ 0.0058_ 1.23518 1.3556

0.05E97 0.907 0.006_I 1.23090 1.3051

0.05727 0._87 O.OC_Sq 1.?7951 1.2065

0.0098_ 0.076 0.03977 1.00611 0.8104

0.01012 0.079 0,04377 1.00393 0.7975

0.01056 0.083 0.0_98_ 1.00369 0,7832

0.01101 0,087 0.0_617 1,00347 0.7721

0.01168 0.090 0.0626_ 1,00319 0.763Z

0.0_195 O,09h 0.069_ 1.00312 0.7557

0.017_? 0.0q8 0.076_ 1.00298 0.7493

0.01_90 0.107 0,08368 1.00704 0.7k36

0.01338 0.105 0.09118 1,00772 0.7304

0.013_6 0.109 0.09896 1.00761 0.7336

0.01430 0.113 0.10671 1.00751 0.7310

0.01475 0.116 0.11_70 1.0076? 0.7286

0.01519 0.120 0.1779_ 1.0023] 0,7263

0.01563 0.173 0,13_3 1.00229 0.?239

0.01608 0.1Z6 0.1_017 1.00Z17 0,7Z15

0.01657 0.130 0.14917 1o00210 0,?192

0.01697 0.133 0.15840 1,00Z06 0,7169

0,01742 0,136 0.1678_ 1,00190 0,7167

0.01853 0.145 0.19757 1,C0106 0.7099

0.01964 0.193 0.21867 1.00172 0.7047

0.02075 0.160 0.74610 1,00162 0,700k

0.02196 0.168 0°?7476 1.00152 0.6967

0.02?90 0.176 0.30447 1.001_4 0,6930

0.07_09 0.103 0.33610 1.00137 0.6917

0.02521 0.190 0,36642 1.00130 0.6907

0.07641 0.197 0.39953 1.00174 0.6009

0.0776q 0.?03 0._3361 1.00119 0.6868

0.078_9 0.710 0,4679_ 1,00114 0.6064

0.03013 0.717 0.90237 1.00109 0.6072

0.03137 0.223 0,53673 1.00105 0.6893

0.03384 0.736 0.60478 1.00097 0.6966

0.03676 0.748 0.60009 1.00091 0,6987

0.03994 0.260 O. 7599_ 1.00085 0,6995

0.06317 O,??Z 0.84009 1.00000 0,7076

0.05177 0.307 1.03019 1o000T6 0.6859

0.05676 0,326 1.1_238 1.00077 0.6077

0,06130 0.34? 1.26976 1.00060 0,6093

0.06916 0.368 1._9_47 1,00062 0,6917

0.07_53 0.388 1.71536 1.00057 0.6933

0.08098 0.404 1,93439 1.00052 0,6961

0.084_6 0.618 Z.15526 1.00049 0.6944

0,087_1 0.431 Z.37974 1,0004_ 0.6943

0.0096? 0._47 2.60869 1,00042 0,6930

0,09131 0.453 Z.04707 1,00040 0.5932

0.09263 0,464 3.08??? 1.00030 0.6925

0,09370 0.474 1.37720 1,00036 0.6918

O,O9467 0.483 3.57807 1.00034 0.6910

0,095S7 0.493 3.8346q 1.00032 0,6903

0,0964? 0.50? 6. O9?06 1,00031 0,6696

0,09741 0.511 4._6_15 1.00030 0.6889

0°09840 0.5?0 _.63917 1.00028 0.6004

0,09944 0,5_9 6.91918 1,00027 0,6879

0,10066 0,530 $.70510 1.00076 0.6674

0.10171 0.547 5.49645 1,00025 0,6870

0,10zq6 0.556 5,79417 1,00024 0,606?

0.10474 0,565 6,09783 1.00073 0.6864

0.10557 0.573 6.40768 1.00073 0.6061

0.10904 0,$9_ 7.2077_ 1.00021 0.6656

0,t1769 0.616 0,04630 1.00019 0.6852

0.17078 0.659 9.0360_ 1.00017 0,604?

0.13566 0.742 13.06397 1.00014 0,6841

0,?77?7 1,178 9_.?7676 1.00007 0,_310

0,39683 1.672 107.43267 1.00005 0.5254

0,696k3 1.709 195.2079_ 1,00003 0,4_99

Z.35117 Z,119 37?,98989 1.00003 0,3765
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C Zb

20 PS]A I$09AR

TENPERATJRE VOLUHE

3EG, R CU FTILB

75 0.2079L

Z6 0.20913

Z8 0.11|7_

30 0.21465

3Z O.ZlrS7

31 0,22131

38 0.22517

38 0.2zq;o

• 38,;;W 0.2304_

36,494 9.01340

WO 9.53159

_? 10.15855

k; 10,77171

46 11.37301

;8 11,96635

50 IZ,55275

5Z 13,13314

5; 13.70931

56 14.28115

58 14o81911

6D 15.41467

62 1_.97723

6_ 16,53743

66 17,09556

68 1Z.65181

70 16,20847

75 19.58685

80 20.95995

85 22.3Z7Z7

90 23.68990

95 25.048?0

100 26.40130

105 Z7.75r23

110 29.10789

115 30.45862

120 31.80368

125 33.14929

130 34.19365

140 37.17916

150 39.86119

160 42.540;5

170 ;5.21T;6

180 47.89264

190 50.56416

200 53.23811

2Z0 58.579?5

Z40 63.91100

260 69,25336

280 74.58699

300 79.91911

320 05,25001

340 90,57992

360 95.90901

380 101,23747

400 106,56525

420 111.89260

4W0 117,21954

460 122.5_@12

_80 127,87_3]

500 133.19039

520 138.52415

540 113.83_51

540 149.16438

580 154.48_11

600 159.81369

650 173.12465

700 186.43503

800 213.05456

1000 266.29067

2000 532.45_31

3000 798.6_901

;000 1067,67810

5000 1374.01105

• TWD-PH4SE 8OUNORY

IMEkH00YNAHIC PROPERTIES OF PAPAHYDROGEN

ISOTHERM [SOCHORE IN[ERNAL ENTHALP¥ ENTROPY CV CP _(LOCITY

DERIVATIVE DERIVATI#E ENERGY OF SOUND

CU :T-PS[A/LB PSIAIR BTU/LB BTUILfl 8TUILB-_ BTU I LB -R FTISEC

27ZD.3& 7_,5188 -132,881 -132,112 1,18764 1.119 1.525 4146

2706.C_ 74._106 -1)Z.756 -131.986 1.1926T 1,171 1.531 4139

Z196._2 79._927 -131,198 -130.123 1.253_8 1.148 1.616 403_

2349.90 ??,4678 -127.900 -122*116 1,37654 1*201 1.724 3952

2182,78 71.2415 -124.333 -123.535 1.49999 1.257 1.84T 3863

Z01_._6 69.8957 -120._93 -119.686 1.6Z;30 1.298 1.980 37F4

1_4_.18 68.5167 -11&._10 -115,591 1.74_41 1.338 Z. 122 3685

1666,60 87,01_0 -112.040 -111.Z0_ 1,87370 1,373 2.273 3596

1515.89 65.2_70 -10_.339 -106.490 2,00119 t,403 2.444 3498

1_8_,C7 64.8_29 -106,240 -105,386 Z.03005 1,409 2.478 3480

158._5 0.6263 50.?_9 83.731 6.95161 ;.571 3,029 1163

16_._Z 0.5892 _3.010 88.310 7,06834 1.545 2.936 1216

182,91 0.5_6 56.469 94.091 T.Z09;0 1.530 2.851 125_

196.79 0.51_6 59._;0 99.730 7.34058 1,519 2.?91 129_

_10,22 0.4853 83.146 105.268 7,46361 1,517 2.746 1330

223.31 0._597 66.;06 110.722 ?.579T3 1.507 2.712 1364

238,11 0.4321 69°628 118o117 Z.6898; 1.503 Z. 684 1397

248.68 0.4168 72.822 121,;61 7.79464 1,501 2.661 1_29

261.06 0.3985 75,991 126.76] 7.69469 1,199 Z. bkZ 1460

273.27 Q.3818 79.110 132.030 7.99046 1.492 2.625 1490

285.35 0,3667 82._72 13T.266 8.08233 1,_95 Z.611 1519

297,30 0.3527 85.389 14Z.4_6 0.17065 1,491 Z.599 1548

305.15 0.3399 88._92 117.663 8,25569 1,493 2.588 lS_6

37C.90 0.3280 91.584 152.629 8,33770 1,492 2.579 1603

332.57 0.3170 94.666 157.9_8 8.41692 1.491 2.570 1630

344.17 0.3067 97*739 163,112 6.49355 1,691 2.563 1656

355.70 0.2972 100+805 168.73_ 8.56776 1,490 2.557 1681

384.29 0.2757 108,445 185.985 8.74373 1,491 2.545 1743

412.58 0.2573 116,063 193,687 8.90769 1,192 2.537 1802

440.65 0.2113 123.673 206.361 9.06135 1o496 2.533 1059

468.53 0.22_2 131.291 219.025 9.20613 1.503 2.533 19_3

496,_6 0o2117 138.93q 231.?01 9.3;319 1.513 Z.538 1964

523.86 0,2035 146.621 Z14.;09 9.17355 1.526 2.546 2013

551,36 0.1935 154.373 Z57.121 9.59808 1.512 Z.559 2059

578.75 0.1841 162.210 270.010 9,71751 1.563 Z.577 2202

806*09 0.1761 170.256 282.951 9.83258 1.589 2.600 2164

533.3S 0.1686 178,232 296,016 9,91378 1.618 Z.627 Z182

66C.56 0.1617 186,462 309.229 10.05165 1.652 2.659 2219

687.71 0.1553 194.867 322.612 10.15663 1,690 2.695 2254

Z41.90 0.1410 212.284 349.9T5 10.35937 I,776 Z.780 2318

795.9; 0.1343 230.629 378,254 10.55443 1.878 Z.878 Z377

849.87 0.1258 250,016 407.562 10°74355 1,987 2.985 2_32

903,72 0,1183 270.515 437.976 10,92789 2,102 3.098 2484

957.;9 0,1116 292.158 469.526 11,10819 2.21T 3.212 2535

1011.19 0,1057 314.910 502o179 11.28436 2.379 3.323 2585

106_.8; 0,100; 338.781 535,94? 11.15742 2._36 3.429 Z635

1172.07 0.0912 389,k93 606,440 11,79324 2.622 3.613 2736

1E79,07 0.0835 143.183 680._00 12.11385 Z.263 3.753 283?

1386,03 0.0771 499.796 756.277 12.41843 2,85? 3.847 Z940

1192,90 0.0716 557.583 _33.613 12.?0561 2.908 3.89? 3044

1_99.71 _.0668 615,991 911.968 12,97536 Z. 975 5.911 3149

1706,48 0°0626 671.171 990.190 13.22788 2,91T 3,905 3253

1813.20 0.0589 732.591 1868.050 13,46353 2.691 3.879 3357

1919.89 0.0556 T90,080 1145,275 13.68431 2*855 3*843 3460

2026.56 0.052? 846.788 1221.717 13.89098 2*811 3.801 3561

2133.2_ 0.0500 902.655 1297.315 14.0619; 2.772 3.759 3661

2_39.83 0.0476 957.686 1372.075 14*26731 2.731 3*718 37S9

2346.43 0.0155 1011.934 1446,057 14.43911 2.693 3.680 3854

2453,02 0.0435 1065.458 1519,302 14,S0224 2.659 3.646 3947

2559.60 0,0117 1118,344 1591,_11 14.75651 2.629 3.616 4038

2666.17 0.0400 1170.670 1663._61 14.90375 2.603 3,590 4127

2772,T3 0.0385 1222,515 1P35,531 15.04423 2.581 3.568 4214

2879.09 0.0370 1273,976 1806,680 15.17051 _,56Z 3.549 4Z98

2985.63 0.0357 1324.990 1877.41; 15.30664 Z.547 3.534 4380

3092.15 0,03;5 1375.792 194_.936 15.43023 2.531 3.521 4461

3198,67 0,0333 1426.401 2018.265 15.51951 2.52; 3.510 4540

316_,9_ 3.0308 1552.065 7193*221 15.82987 2.506 3._92 4¥30

3731.21 0.0266 1677.076 2367.531 16.08847 2,495 3°481 4911

4263._8 0,0250 1925.971 Z215,009 16.55278 2.487 3.473 5252

5328.50 0,0200 2423.286 3409.483 11.32110 2,488 3.414 5671

10651.9_ 0.01C0 ;969,87; 6941.797 19,76777 Z, 644 3.630 8231

15_75,11 0,0067 7759.184 10716.917 21.28179 Z. 912 3.929 9942

21208.26 0.0050 11060,631 15014.732 2Z.71044 3*900 4,954 11196

76621.40 0.0040 17074.7?6 22163.]69 25.11771 8,910 10.632 12121
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20 P$IA ISOBAR

TH[RMOD_N_MIC PROPERTIES OF PARAHYDROGEN

TEHPERATURE OE#$ITY V(3H/OV_ V(OP/DU) V -V(DP/OV) T

DEG, R LS/CU FT BTU/LB PSIA-CU ¥T/BTU PSIA

24.925 4.81259 267.98 13.843 13091.97

29 k.80902 257.49 13.822 13015.55

25 4,78181 059.03 13.566 11937.91

20 _.72260 263.27 12.607 t1096.31

30 4.656F5 253.60 12.217 10166.93

32 4,5691? 261.94 11.73_ 9240.12

34 k. SlOb7 256.54 11.336 0350.83

35 4.44207 254.06 10.987 7491.99

38 4.35910 247.3? 10.675 6608.03

• 30.544 4,33952 246.47 10.608 6558.04

• 38.5_ 0.11050 03,77 3.505 17.32

kO 0.10401 80.0] 3.627 17.67

kZ 0°09844 93.56 3.642 18.01

44 0°09205 99.09 3.659 16.27

55 0.08793 10_.59 3.551 t6.40

40 0.00657 110.06 3.651 18.66

50 0.07966 115.50 3.6_9 18.01

SZ 0,07615 120.89 3.657 18.93

54 O.07Zq4 |26.24 3.655 lg. OG

56 0.07002 131.56 3.643 19.14

50 0.05735 136.85 3.641 19.22

60 0.06567 142.10 3.639 19.29

62 0.06269 157.33 3,638 19.35

64 0,06047 t52.5_ 3.636 19.50

56 0,05649 157.Tk 3.635 19.55

68 0,05665 162.92 3.533 19.50

70 0.05593 168.11 3.630 19.54

75 0.05105 181,06 3.624 19.62

80 0.04771 194.07 3.614 19.68

85 0,04479 207,20 3.500 19,74

90 0.04Z21 220.54 3.581 19.78

g5 0.039_2 234.19 3.5S5 19.01

100 0.03707 246.24 3,522 19.84

105 0.03603 262.78 3.401 lq.06

110 0.03435 227.91 3.433 19.66

115 0,03203 293.72 3.377 19.90

120 0,03144 310.29 3.313 19.91

1Z5 0.03017 327.68 3.255 19.93

130 0,02899 345*92 3,170 19.95

140 0,02520 305.12 3.012 19,95

1SO 0.02509 427.9k 2.650 19,97

160 0.02351 _74.20 2.692 19.90

170 O.OZZt2 523.47 Z.S45 19.99

180 0.02006 _75.20 2,412 19.99

190 0.01970 526.7W 2.295 20.00

200 0.01878 583.33 2.194 20.00

ZZO 0.01707 ?92.90 2.037 20.01

240 0.01555 099.12 1.933 20.01

260 0*01455 996,07 1,066 20.01

200 0.01341 1090.2_ 1.035 Z0.02

300 0.01251 1173.47 1.624 20.02

320 0.01173 1259.09 1.829 20.02

340 0.01105 1316.57 1.655 20.02

350 0.01053 1383.31 1.868 20,02

380 0,00906 1544.50 1.695 20.0Z

400 0.00938 1503.61 1.924 20.02

420 0.00095 1561.89 1.952 20,02

440 0.00853 1$19.60 1.980 20.02

460 0.00816 1677.69 2.005 20.02

480 0.0070Z 1736.22 2.026 20.02

500 0.00751 1795,66 2.047 20.02

520 0.00722 1056.03 2.065 20.02

540 0,00695 1917,12 2.080 20*02

560 0.00570 1979,73 2.092 20.02

580 0,006b? 20_3.00 2.103 20.02

_00 0.00526 2107.19 2.111 20.02

$§| 0.00576 2270071 2.127 20.01

700 0.00536 2537.62 2.136 20.01

800 0.00459 2779.92 2.t_2 20,01

1000 0.00376 3575.45 2,1_1 20.01

2000 0.00108 7261.42 2.014 20,01

3000 0.00125 11789.67 1.010 20,00

4000 0.00095 19764,61 1.369 19,95

5000 0,00073 $1499,77 0.517 19.3?

• TdO-PHASE BOUMDRY

, 2U

(3V/OT_/V THERMAL VISCOSITY THERP_L 3[FLECT_IC PRANDTL

CONOUCTI_ITY _IFFU_T_JTTY CON_]_4T N;H_[_

1/OEG. R BTUIFT-HR-R L_/FT-SEC SQ _TIHR

x ]0

0.0_231 1.71_ 3.0057_ 1.2_ _.Z2c6

0.0k255 1.706 0.00_/_ 1,2_16_ 2.2106

0.04558 1.535 0.0054_ 1.25_10 2,0Z]3

0.05017 1._86 0.0061_ 1.24679 1.71_3

0.05311 1.2_8 0.00_!7 1.2_1_ 1.536_

0.05501 1.100 0,00_05 !.219J_ 1.42_7

0.05613 0.gqb 0.005_% 1.7353] 1.3S_0

0.05698 0._0_ 0.005_ 1.2310_ 1,30_8

0.05790 0.53_ D.005_, _.Z_6_5 I.?b_5

0.05908 0._17 3.005_ 1.?2_3o 1,7553

0,0105_ 0._0 0,031_;, 1.00%33 _._322

0.01083 0.063 0.03_16 1.00507 0.81_1

0.0112_ 0._67 O. OkO0_ 1.00_76 0.7966

0.01166 0.091 ,).D_5_ 1.00_9 0.7832

0.01213 O,O_5 _.05075 1.00_5 0,7726

0.01259 0.09_ 0,05557 1.00_0_ 0.7639

0.01305 0.102 0,0EI0_ 1.00380 0,7565

0.01352 0.106 0.0667¢, i*00368 0.7k99

0.01399 O*tOq 0*07261 1.00352 0.7k39

0.01_3 0.113 0.0_850 1.0033_ 0.7_02

0.01467 0.t17 0.08_55 1.00325 0.7368

0.01530 0.120 0.0907_ 1.C031_ 0.7336

0,015?5 0,123 0.09721 1,003Q_ 0.7305

0,01619 0.127 0.1038_ 1,00292 0.7275

0.01663 0.130 0.11061 1.00203 0.72k6

0.01707 0.134 _.1175_ 1.0027_ 0.7219

0.01752 0.13? 0.12473 1.00265 0.7193

0.01852 0.15_ 0.1_33_ 1.00Z47 0.7132

0.01973 0.153 0.1629q 1.00_30 0.70?8

0.02083 0,161 0.1036_ 1.00216 0.7030

0,02194 0.168 0.20_21 1.0020_ 0.6909

0.02305 0.176 3.22756 1.00193 0.6957

0.02k17 0.103 0.25060 1.00103 0.6934

0.02520 0.190 0.27_15 1.00175 0.6922

0.026_0 0.197 0.2990_ 1.00166 0.6690

0.0277J 0.204 0.32465 1.00159 0,6879

0.02095 0,Z10 0.35047 1.00152 0.6673

0.03019 0.217 0.37635 1,001W6 0.6061

0.031_2 0.223 0._0217 1.00140 0.6900

0.03369 0.236 0._328 1.00130 0.6973

0.03681 0,256 0.5090_ 1.00121 0.6993

0,03999 0,260 0,5690X 1,00113 0.6999

0.0_31_ 0.272 _.6_003 1.00107 0.7030

0.05176 0.30? 0.77208 1.00101 0.6663

0.056_7 0.326 0.06372 1.00095 0.6881

0.06130 0.3_2 0.9517_ 1.00091 0.6896

0,06916 0.368 1.12112 1.00082 0.6920

0.07553 0.380 1.28_1_ 1.00076 0.6935

0.06057 0.50_ 1._5050 1.00070 0.6943

0,08_56 0._10 1.61632 1.00065 0.69_6

0,067_1 0.431 1*78_7_ 1.00060 O,69kk

0.08962 0._52 1.95660 1.00057 0.69_0

0.09131 0.553 Z. 13229 1.00053 0.6933

0.09263 0.564 Z.]1193 1.00050 0.6926
0.09371 0._?_ 2,_9560 1.000_8 0.6916

0.09567 0.483 2.66397 1.00055 0.6911

0.09550 0.593 _*07651 1.000_3 0.6903

0.096_6 0.502 3.07335 1.000_! 0.6696

0,09752 0.511 3.27450 1,00039 0,6890

0.096_0 0.520 $._8009 1.00036 0.6884

0.099_5 0.529 3.69017 1.00036 0.68?9

0.10056 0.530 3.90_68 1.00035 0.6075

0.10172 0.5_7 5.12327 1.00034 0.6870

0,10297 0.596 _.3k659 1.00032 0,6667

0.10425 0.565 _.57k_ 1.00031 0,686_

0.10556 0.5?3 5.6067_ 1.00030 0.6862

0.10905 0.595 5o_071_ 1,00020 0._856

0.11270 0.616 6.03610 1,00026 0,6652

0,12029 0.659 7.3?660 1.00023 0,6847

0.13566 0.7_2 10._00,6 1.00016 0.6841

D,27727 1.129 _0.67267 1.00009 0.5319

0.396_ 1.k73 00.53_66 1.00006 0.525?

0.6?089 1.789 1W;.56911 1.00005 0._756

2.126_5 2.t15 27_.85339 1,QO00_ 0,3606

0,0056919

0.00572_?

0.0062500

0.0065_76

0.0070061

0,09?5570

0.006Z00_

0.0089449

0.009676_

0.0100550

0.0361539

0.03334?0

0.030_710

0,0?81660

0.0262563

0.0256359

0,023Z362

0.022010_

0.07092_?

0.01995_4

0.0190005

0,0182009

D*0175659

0,0169042

0.0162952

0.0157322

0.015_099

0.01_0555

0.0130721

0.0122251

0.011_363

0o0100354

0.0102570

0.009?393

0.009Z731

D,OO88Y06

0.0085660

0.00811_2

0o0077911

0.00721?9

0,00672_5

0.0062951

0.00_9179

0.0055839

9,0052857

0.0050101

0.00555?3

0.00_1745

0.003_513

0.0035?50

0.003335_

0.0031262

0.0029518

0.002?7?9

0*0026314

0,00_5996

0.0023004

O.O0?Z??O

0.0021732

0,0020825

0*001999?

0.0019222

O.OO18510

0.0017859

0.0017233

0,0016659

0.001537?

0.0014279

0.0012_9_

0,0009996

0.000_999

0.0003333

0,0002506

0.0O02O65
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25 PSIA ISOBAR

TEMPERATURE @OLUNE

3EG. R CU FTrLB

2_,945 0.20774

25 0.20703

26 0.20905

20 0.21154

30 0.21_55

32 0.21775

34 0.22110

35 0.22497

38 0.22Y23

• 39.975 0.23400

• 39.975 7.36165

40 7.36419

42 7.89501

_; 8,40008

4b 8.90823

40 9.39854

50 9.00105

52 10,35724

54 10.0Z619

55 11,29472

50 11.75749

60 12.21701

62 12.6T371

64 13.1279_

56 13.58001

68 14.03015

70 1_._7060

75 15,59334

80 16.70052

85 17.80Z01

90 18,89853

95 19.99137

100 21.08088

105 22.16769

110 23.25221

119 24,33678

120 25.k1568

125 26.k9513

130 27.57331

1_0 29.72546

150 31.87613

160 34.02302

170 36.16767

180 38.31048

190 40.45163

ZOO _2.$9152

220 _6.06012

Z40 51.1_14_

260 59.41228

Z80 59.661Z0

300 63.94060

320 68.21_78

340 72.47997

360 76.7_434

380 81.0080_

400 85.27117

_20 89.53801

440 93.79603

_60 98.05790

_80 102.31946

SO0 106,58075

520 110.0;101

5_0 115,09463

560 119.35408

500 IZ3.61497

600 127,8r;93

650 138.52432

700 149.17313

800 170.;6953

1000 213.05938

2000 ;25.99174

3000 638,q4_71

4000 853.92560

_000 1095.60366

TWO-PHASE BOUMDRY

TMERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOTHERM I$OCHORE INTERNAL ENTH&LPY ENTROPY Cv CP VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOUNO

CU FT-PSIA/L8 PSIA/R BTU/L8 8TULLE BTU/LO-R 5TU / LO -R FT/SEC

272_.k6 7;.5513 -132.876 -131.914 1.10764 1.119 t.525 _149

2710.53 74.5425 -132._83 -131.821 1.19158 1,121 1.529 414_

2565,87 74.5_54 -131,226 -130.290 1.25289 1.140 1.60; 4075

2358.;6 72.7601 -12r,93; -126.954 1.37530 1.201 1.722 3958

2191,02 71.333; -L2;.373 -123.300 1.49063 1.251 1.045 3869

2022.89 69,9862 -120.541 -119,533 1.62279 1._97 1.978 3780

1056.0; 60.6388 -116.466 -115,kkz 1,74675 1.338 _.120 3691

1694.76 67.1060 -%%2.105 -111.064 1.07187 1.373 Z.269 3503

1524._6 65,3741 -107,418 -10_.356 1.99911 1,402 2.439 3505

1350.07 63.38;0 -102.429 -101.346 2.12763 1.427 2.632 3398

155.26 0.?772 51.090 85.177 5.79632 %.58_ 1.144 1195

155.44 0.7766 $1,141 85.232 6,79769 1.583 $.143 1190

171,_2 0.T163 S_,OZO 91.36_ 6.94743 1.553 3.004 1239

180.;6 0,6673 96.354 97.278 7.00488 1.535 Z. glO 1280

200.63 0.6261 61.789 103.028 7.21269 1._2_ Z._3 1318

214.69 0.5907 65.153 108.662 7.33258 L.515 2.793 1353

228.16 0.5598 60._63 11;.Z06 7.4;575 1.511 Z. 753 1388

241.31 0.5324 71.732 119.679 7.55308 1.507 2.721 1_21

254,19 0.5079 T4.967 125.094 T.65526 1.504 2.695 1452

266.85 0.4059 70.173 130.460 7.75285 L. SO2 _.572 1403

279.33 0.4650 81.356 139.T86 7.84628 1,_00 Z.653 1513

Z91.6_ 0.;475 8;.520 1_1.076 7.93596 1.490 2.637 1542

303.81 0.4307 07.665 1;6.335 8.02218 1._97 Z.622 1570

315.87 0.;152 g0.79_ %51.567 0.1052; 1.;q9 2.610 1590

327.81 0._009 93.910 156. T76 8.18539 1.;9_ 2.5g9 1625

339.66 0.3876 97,01_ 161.965 8,26283 1.493 2.590 1652

351._ 0,3752 100.110 167.136 0.33778 1,493 2.581 1678

380.52 0.3476 107.013 160,000 8.51528 1,493 Z.565 1741

409,25 0.3240 115.403 192.T96 0.68046 1.;9_ 2.554 1600

437.69 0.3035 123.138 209.949 8.03509 1,;90 2.548 1857

b65,90 0.2855 130,795 218.282 8.98065 1._04 2.546 1911

493.91 0.2697 130,_2 231.010 9.11836 1.514 2.549 1963

521.76 0.2555 146.109 _;3.779 9,2;927 1.9_? Z.556 2012

549.47 0,2428 153,966 256.508 9.374_5 1.5;3 Z.568 2058

577.06 0.2313 161.027 2690469 9.99410 1.564 Z*585 2182

b0k.58 0.2209 169.793 _82,_;7 9060g47 1.589 20607 2143

632.01 0.2114 177,888 295.5;6 9.72096 1.619 2.633 Z182

659.36 0.2026 185.135 308.789 9,8_908 1.653 2.665 2Z19

586.65 0,19_6 194.555 322*201 9,93428 1.691 2.700 2254

7_1.07 0.180; 211.995 349.611 10.13738 1.778 Z,704 2319

795.31 0.1681 230.368 377.933 10,33273 1.870 2.082 2377

649.42 0,1574 249.773 407.277 10.52207 1.988 2*900 2432

903.;1 0.1480 270.269 437.r21 10.70661 2,102 3.1ol 2k8_

Y57.31 0.1397 291.9_7 ;69.299 10.08707 2.217 3.21_ _536

1011,13 0.1323 31_.714 501.977 11,06337 Z.330 3.32E 2986

1054.89 0.1256 338.597 535.767 11.23656 _.436 3.431 2636

1172.25 0.1141 309.3_9 606.29? 11.57253 2,6_2 $,615 2736

1279.44 0.1045 4_3.336 680.086 11.89328 _.763 3.755 2838

1386.51 0.0954 499.663 756,18; 12.19796 2.857 3.840 29;1

1493.48 0.0095 557.463 833.766 12,4852; 2.900 3,090 3045

1500.38 0.0835 615.880 911.919 12.75503 2.925 3.915 3150

1707.22 0.0782 674.36g 990,157 13.00760 Z.917 3.900 3254

1014.01 0.0736 732.497 1060.030 13._;329 2.091 3.880 3358

1920.75 0.0695 709.993 1145.267 13.46411 2._55 1.043 3;61

2027.47 0.0609 846.708 1221.T20 13.57060 2,814 3,00_ 3562

2134.15 0.0626 902.580 1297.327 13.86_79 2.772 3.759 3662

22;0.61 0.0596 957.616 1372.096 1_.0_718 Z.731 3._10 3760

2347.4_ 0.0569 1011.868 1;46,080 1;.21930 2.693 3,680 3855

2454.00 0.05_4 1065.396 1519.330 14.38214 2.659 3._46 3qbO

2560.68 0,0521 1118.206 1591.956 1;.536_5 2.6_9 3.616 4039

2657.28 0,0500 1170.6_5 1664.012 1;.68366 2.603 3.590 ;128

2773.86 0,0481 1222._r_ 1735.587 1;.02_17 2.581 3.568 ;215

2880.25 0.04&3 1273.930 1806.741 1;.998;6 Z.562 3.549 ;299

2986.80 O.Okk_ 1324.947 1877._79 15,08660 Z,5;7 3.534 4381

3093.34 0.0431 1375.752 1940.005 15,21020 2.534 1,521 ;462

3199.07 0,0;17 1426.363 2015.337 15.329;8 2,524 3.510 ;5;1

3;6_.19 0.0385 1552,031 2193,30; 15,60906 Z,506 3,;92 ;731

3732,47 0.0357 1677.0;6 2367.617 %5,868;7 2.499 3.401 ;912

;264.98 0.0313 1929.9;7 2715.105 16.33279 2.487 3._73 5253

5329.04 0.0250 2423.270 3;09.590 17.10713 2.;88 1.474 5672

10653.33 0.0125 4969.869 69;1.922 19,5;781 Z.644 3.630 0231

%5_76.54 0,0083 7758.7_9 10716,611 2%,06;67 2.940 3.927 9943

z12gg.70 0.0063 11033.?;q 1;906.0;6 22.40290 3.8_0 4,_67 11212

2662_.8_ 0.0050 16757._37 21829,340 24.02422 0.33? 3.96_ 12130
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TH_f_MODYNAMIC FROPERIILS OF F._ ._Y_)Ri._! (-2b

25 P$1A IS]BAR

TEMPE RATURE DENSITY V (DHIOV)p V (DP/{]U) 1 -V (OP/_V> ( _./GT_ THF_MA_ VZSCCSITY T,ER_L L)I_LeCTRIC PR_NDTLJ
:OHLI!JCTI VI T_ F_FF _S_vIIY CONSTANT NUMBER

3EG. R LBICU FT BTU/LB PSIA-CU FI/_TU PSIA L/_I_.. _ F_T//FI_Hp__> LH/FT_C;E_ ._r] FT/H_

2k.9W5 W,81382 _68,_5

25 _,fl1166 268,35

26 k. TB362 26W.07

28 _,72_y3 263.80

30 _.66098 _6_,17

32 _,592_3 267.51 11.?_?

36 k. Y211k 259,13 11.3_9

36 _.k_97 75_.73 10.g08

38 h.3_2_5 _W8,10 10.686

= 39,975 _,2735S 23q.7_ 1C.395

39.975 0,1358_ 85.33 J.613

WO 0,13S79 05.39 3.613

WZ 0.126@6 91.06 3.bq2

_h 0,11893 96.72 3.655

_6 0.11226 102.37 3.661

48 0.10660 107.98 3.662

50 0,10120 11_.55 3.660

5Z 0,096Y5 1L9,06 3.658

_ 0,09235 12h.53 3.656

56 0,0005_ 120,_5 3.653

58 0,08505 L35.33 3,651

80 0,00185 t_.66 3.6_9

62 0.078@0 1_5.96 3.647

6k 0.07617 151.2_ 3.6_6

66 0.073_ 156,50 3,64_

68 0.071_8 161.75 3.6_2

70 0.06907 166.98 3.639

75 0,06_13 100.06 3,632

00 0.05988 193.17 3.621

85 0.05617 206.39 3.6C7

90 0,05201 Z19.80 3.5e?

95 0.05002 233.52 3.561

100 O.O_TW_ _7._ 3.520

t05 0.0_511 262,21 3.687

110 0.0_301 277.38 3,_3_

115 0,04109 293,23 3.382

120 0.03935 309.83 3.31_

1Z5 O,03T/_ 327,2_ 3._49

130 O,036ZT 3_5,50 3,174

1_0 0.0336_ 384,7k 3.016

150 0.03137 _ZT.59 2.053

160 0.02939 k73.87 2.6gS

170 0.02765 523.10 2.5_8

180 0.02610 57_.93 2,_1_

190 0,02_2 628.51 2.2_7

200 0,02340 683.1_ 2,195

Z_O 0,0213k 792.7_ 2.039

2_0 0,0195B 899.02 1.93_

260 0.01805 998.83 1.869

280 0,01676 1090.26 1.835

300 0.0156_ 1173.53 1._25

320 0,01_66 12h9.19 1.830

3_0 0.01300 131_.72 1.8_6

360 0.01303 1383._9 1.069

360 0.0123_ t_.TO 1.896

_00 0,01173 1504,0_ 1,925

420 0,01117 1_62.1_ 1.953

4_0 0.01066 1_19,87 1,900

_60 0,01020 1677.97 2,005

kBO 0.0097T 1_36.52 2.02_

SO0 0.00930 1T95.97 2.0_8

_20 0,00902 1856,3B 2.085

_kO 0.008_9 1917,_6 2,080

560 0.00830 1980,0T 2.093

580 0.00809 20_3.35 2.103

600 0.00T02 2107.55 2,112

650 O.OOT_Z Z_71.09 2,127

700 0.00670 2k38._1 2.136

800 0,00567 2780.32 2,1_2

1000 0.00_69 3475,08 2,1_1

2000 0,002$5 7_61.89 2.0]_

3000 0.00157 11782,85 1,811

4000 0.0011T 19_2_.62 1,397

8000 0,000B1 kSkkS.60 0,65?

TWO-PHASE BOUMORY

13.825 13,]00.65 ] []llR6q_? J.04_Gb

13.573 i1274.17 _ 00_074_ _.r_5:C

12.821 1L143._7 0 0165_!_ G._SCIq

I_.230 I0_IZ.31 J li_g@_ G.0531 _

928_._g 3 0_7_]5 O.OSSOb

7533.17 _._J_lh . U.057U_

b650._q ) L:_O_3]I 0.05802

21.J _ O.u_!_4_ U.C_I16

21.11 0.: ;64036 0.01_Ib

_.18 ].O_J_' 0.01191

C2.%U 3.0?77.'_ 1.01233

23.09 O.Ot_,_ 0.01372

23.63 _.3_0_6. _ _.014_6

23._7 d.O_7_St 0.01543

23,q7 _.01TJ651 _.015_E

2_.06 C,Gl?25_ 0.01630

2_.1_ 0.016607w O,016TW

_.21 0.01601_1 0.01718

2_._7 O.O]S_S_5 0.01767

2_,40 0.014345, 0.01072

24.51 0.0L_221_ 0.01982

24.53 0.01_]_7 U,02092

24.65 0.0115A_0 0,02?02

24.71 0.013)I,6 3,02313

2W,75 ;.01032_5 _.0242_

24.79 0.00979_1 0,02_S

2_.02 _.0_911_ 0.02654

2W._W 0.000q_05 3.02778

24.87 0.008_9_5 0.02901

2_._q 0.00_1W_0 0.03025

2_.qO _.0_7_1_0 0.031_8

2&.93 0.0072366 _.0339_

2_,95 0,03b73_9 0.036@6

Z_.97 0,006306_ 0.0_003

2_.9R 0 _L)592o_ 0.043_1

Z4._ 0 005591_ 0.001/9

2_.00 0 O@5_q[I 0.05677

Z_.nO 0 00S0726 0.06110

25,01 0 D0456_3 _,06915

25,02 0 0_4176_ 0.07502

21.02 0.003@526 0.08057

25.02 0.0035756 0.08446

25._3 0.003]360 0.087_1

25.03 0.0031265 0.08962

25.0_ 0,0_941q 0.09131

25.03 0.00777_0 0.09263

25,03 0.0026_1_ 0,09371

25.03 0.00249_5 0.09_68

25.03 0.002380_ 0,0905_

2c,03 0.002771q 0,09_9

?5.03 0.03_17_3 0.09_3

25.03 O,OOZO@]T 0.09841

25.03 0,0019990 0.09946

25.03 0.001927_ 0.10057

25.03 0.G01_500 0.10173

25.0? 0,0317047 0.I029_

25.02 0,0017231 0.30_26

25,02 _.0316656 _.10559

25.02 0.03153Tq 0,t0906

25,0_ 0,001_+2(7 0.11211

25.02 0.0012_2 G.12030

25._2 O,OUO_�q_ l.[3570

25,01 0,000_9_ 0,_7777

25.00 0.0_0333] 0.3958_

2k.9_ 0.03025_G 0,B53_

2_.30 0.000205_ 1,97279

1.Tlq d. JO _/_ 1.2_191 2,2273

|.ZIL) ).q057_ i.?517_ 2,212_

l.=_q 3. :J_q_ 1.25020 2,0110

1._q _..1!617 1.2_90 1.7161

L,_3_ 3, O_bl_ 1,2433L 1.5300

(.102 1. SGnO_ 1.23_47 1._5

O.9gq _.3_S6 1,235_ 1.3563

O,qll ,).Uqgbb 1.23123 1.30G7

0._35 ].:0S_5 1,22b6] 1.2630

O.?b G 3.0011_ 1.22170 1.2467

0.0_4 J.O?617 1.00657 0.8036

G.O_ 3.07_i_ 1.0065? 0.8533

_.0_ _ _.330Fh 1.00613 0.8262

O.Hq? ].3(_._! 1.00575 0.8067

_.39q 0.'13_4 1.0054] 0.7919

q,Og_ ).C_Z_ t. O05t_ 0,7802

U.iO_ ].J_7_. 1,00489 0.7706

0.10_. 0.0_20_ 1,00_67 0.7623

C.!1_ 0.0567 _ 1.00W_6 0,7050

C.11_ ]._lSw 1.00_2_ 0,7W99

0.11/ O,GEf4_ 1.00_Ii 0,7_5W

0.I_ _._714_ 1.00396 0.7413

0,i74 ].27667 1.00381 0.73T3

0.:27 0.0_200 1.0036_ 0.7337

O.13L 3,0@7_ 1.00356 0,T302

0.13_ 0.0930_ 1.003_ 0,7270

0.13? 3.3988] 1.0033_ 0,7239

0.14_ O. li3?g 1.00310 0,1170

0.15] 0.12950 1.0020_ 0.7110

0,168 0.163_ 1.00256 0,7012

0.176 3,101_! 1.002_2 0.6977

0.183 0.19993 1.00229 0,6951

0.190 0.2187q 1.0021_ 0.6936

0.1q? G.73_75 1.00208 0.6911

O.ZO_ G.25930 1.0019a 0.6090

0,21l 0,2799_ 1.00190 0.68B3

_.217 0.300T_ 1.00182 0.68@9

0.22_ 0, ]21_ 1.00175 0.6908

0.236 0.3623H 1.00162 0.6980

0.2_9 _._077_ 1,00151 0,6998

0.261 0._557_ 1.001_2 0.7003

_.772 0.50_09 1.0013_ 0.703_

_.30_ _.6172_ 1.00126 0.686@

0.]26 ].69053 1.00_1q 0,608_

0.3_2 3.76!q0 1.00113 0,6900

3.36_ 0._965_ 1.0010] 0,6923

C.38_ 1.0_6 _ t.0009_ 0,6938

0,_0_ 1.1607_ 1,000_t 0,69@5

0.41_ I._9297 1.00081 0.6040

0._3] 1._770_ 1.00075 0.69_6

0.442 1.56534 1.00071 0.6941

0._5_ I,?0_97 1.00067 0.6q35

0._64 I._975 1.00063 0.6927

0._74 I.g0602 1.00060 0.6919

O,4_q _.i_7_I 1,00007 0.6912

0.493 2.30161 1.00@$4 0.690@

0.502 2._S_14 1.00051 0.6@9?

C._11 _.6_01P 1,000_9 D.689@

0.4_0 ?.7_460 I.CO0_Y 0.6805

0.5_9 Z. 0_277 1.000_5 0.6880

0.$38 3.12_3 1.00@_ 0,6870

0.5k7 3,?_3T 1.000_? 0.6871

0.506 3._7_0_ 1.000kO 0.686?

0.565 ].66041 1.00039 0,686_

0.573 ]._4_30 1._003_ 0.6862

0.595 _,32_7S 1.00035 0,6856

0.616 _,_3011 1.00037 0.6853

0.65q _.9C_47 1.00020 0,6867

0,?42 _._223_ 1,00023 0.68_1

1,1Z9 ]_.5_027 1.00@11 0.$320

_,_73 64._0_ 1.00008 0,B260

_.7_q 11_.63711 1.00_06 0._T90
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i

_i JJ

10 PSIA IS)gAv

IEM_ERATUKE VOLU_[

9EG. R Cd FT/L!J

ZW,qb6 0._0768

25 0.?0775

26 0.20895

2B 0,71155

]0 O.Z1WwW

32 0.71760

3W 0.22t05

36 0.22683

38 0.22906

60 0.233_o

" qIo2_9 0.23136

ql.2_) 6.21091

_2 6.37]00

qW 6.82]50

66 7,25_29

W8 7.68157

50 _,09600

52 8._0_31

56 _.qJ_98

56 9.30181

58 _.6_80

6O 10.0_]95

67 10._7031

66 10.85_08

66 11.23_b0

68 11.61512

70 11o9_2_0

?5 12.93071

80 13.86090

85 14.78508

90 15.70_]

95 16.619_3

100 17,5319_

105 18.6_13_

110 19.36_69

115 20.25]63

170 71.15710

125 22°05910

130 2_.95_8]

160 24.75808

150 26.55_8_

160 20.3_68_

170 30.i_55

180 ]t.q_Zw_

190 3].70868

?OO 35.6_]56

220 39.060_Z

2_3 62.62397

260 _6.18693

280 _9. t_03

300 53.30161

320 56._5_98

360 60.61386

]60 6].9679_

380 b7.52181

_00 71.07_17

_20 76.67795

660 78.18037

_60 81.732_3

6_0 85.28_18

500 08.8356?

520 92.38691

5_0 95.93138

560 99._8188

580 103.03222

600 106.587_3

650 115.6576W

700 12_.33187

000 I_2.079Sl

1000 177.57185

2000 355.01668

3000 532.67585

WOO0 711,6?786

5000 910.79118

T_D-P_ASE BOUNORY

I_[kWqLtNA_ P_]P_PII[S OF PAPA_Y_ROGEN

I_OIk*{_M I_O(HOR_ INrE_NAL ENTHALPY ENTROPY

9E_IVATIVF O_ PIV_TIV c LN_PGY

_tJ :T-P_IAI.B P_l_/_ 3TU/LD RTUIL_ BIUILB-Q

3737.5_ (_._3_ -182.871 -131.717 l.iASOh

2731.00 7_.5/_ -1_2.910 -131.656 1.19069

2_77._9 7_._7_1 -131.355 -133.096 1.21176

2387.00 ?3.0521 -I27.968 -126.793 1.]7607

?199.26 /L._220 -1?6.ql] -123.222 1.69728

203_,29 70.0907 -120.501 -119.392 1.62089

1567.q_ 6_.7305 -116._?2 -115.296 1.7_510

170;.90 67.1981 -112.170 -110.921 1.87006

15]Z.oq 65._787 -1_7._95 -106.22_ 1.9970_

135r.09 6_._62_ -107._58 -101.15_ 2.12690

1231.E1 61._60 -98.q6q -97.650 2.21321

153.1_ 0._300 51.679 86.187 6,667?0

1%9.20 0.9019 53.036 85.660 6.721kZ

17r.6_ 0.8331 56.77] 9_.579 6.86656

19!.07 0.777_ 63.]61 100.682 7.00000

205.81 0.779_ 63._6 105,519 7.12671

?ZC.OU 0.b091 67.256 117o231 7._W081

233.77 0.6536 70._08 ll?._6h 7.35093

_67.20 0.6220 73.915 123.38_ 7._55_3

_6_.34 3.593_ 77.186 128.858 7,55_96

_73.23 _.56R3 _G.623 13_.77_ 7.65007

?85.92 0.5_51 8].6]S 139.65_ 7,T_119

29_._3 0.S?_0 86.826 1_W._8_ 7.82866

31C.79 0.50_6 89.993 150.79_ 7.01281

323.02 0._86_ 93.166 155,561 7.99391

]35.13 0._702 96.282 160.807 8.07221

]_7.13 _.k56q q9._07 166.030 8.14792

]76.75 _.WZO8 107.176 179.008 8.3_700

_07.92 0.]917 116.900 191.909 8.693_1

W3_.76 0.3666 122.600 20_.73_ 8.6_903

_6_._7 0.3666 130.296 217.53_ 8.79539

691.56 3.3252 138.007 _30.336 8.93376

519.66 0.307_ I_5.755 Z_].tk8 9.06521

5kT.E0 0.7925 153.559 256.00_ 9.19066

575.60 0.2785 161.6_3 ?68.927 9.31089

603.09 0.265q 169._30 281.963 9.6_660

bSC.E7 0.2566 177,5_ 295.076 9.53838

6_.17 0.2_38 185.808 308.350 9.6k675

6_.59 0.23_1 19_.264 321.790 9.75217

T_C.2_ 0.216q 211.715 3_9.250 9._5563

794._9 0.2021 230.106 ]77.612 10.t5127

B_8.97 0.1897 769.531 _06.992 10.3_08_

_0_.11 9,1779 270.06_ _37._67 10.52556

)57.15 0.1678 291.736 _69.072 I_.70618

1011.08 0,1589 31_.$18 501.7F6 10.88262

1066.5_ 0.150_ ]38.613 535.58? 11.05590

1172._7 0.1370 _9.166 606.15_ 11.39207

12_9.81 0.1255 _3.190 679.97] 11.71295

1367.00 0.1157 699.530 756.096 12.01773

169_.07 0.107_ 557,347 83].680 12.30509

1_0L,05 0,1007 615.770 911._71 1_.57_96

1707.96 0.0939 676._68 990.1ZW lZ.8Z756

1816.81 0.088_ 732.60_ 1068.011 13.06329

1321.62 0.0835 789.906 11_5.260 13.28_15

2028,38 0.0790 8_6.6_7 1Z21o7Z_ 13._9087

713_.11 0.0751 902,505 1297.]k0 13.68k88

2261.80 0,0715 957.565 1377.118 13.R6779

23_8.68 0.0682 1011.803 1_6.109 1_.03963

265_.13 0.0653 1065.335 1519.]76 1_.20229

2561.76 0.0625 1118.228 1591.998 16.35661

266_.38 0.0600 1170.561 166_.06q 16._0385

277_.99 0.0577 1222.613 1735.660 16,66635

2881.60 0.0556 1273.885 1806.801 1_.77866

2987.97 C.0536 132_,90k 1077.566 1_.90651

309_,53 0.0517 1375.711 19_8._74 15.C 30_1

3201.0_ 0.0500 I_76.]2_ 701_._09 15.1_970

3667.62 0.0662 1551.997 2193.]86 15.63009

3733.73 0.0629 1677.016 2367.703 15.68871

6266,27 0.037_ 1975.92] 2715.201 16.15306

5331.I_ 0.03G0 2_23.253 $609.69_ 16.92739

1065_.7_ 0.0150 6969.866 69_2.060 19.]6800

15977.97 0.0100 7758.393 10716.396 20.88_8_

21301.13 _.0075 II013,905 16966,296 27.29759

26_26,P8 0,006_ t6578.12_ 21582.I_I 26.59018

CV C? VELOCITY

OF SOUNO

8TU / L_ -P FTISEC

1.119 1.526 6152

1.120 1.527 6153

1.1_8 1.602 W082

1.201 1,721 ]966

1.251 1.8_ 38?5

1._97 1.97k ]78_

1.337 2.117 3697

1.372 _.266 3609

1.6_7 Z.631 3_02

1._0 2.782 $_20

1._95 1.261 1ZO_

1.$81 3.195 1221

1,556 3. 053 1Z6_

1 •537 2. 955 1304

1,527 2. 886 13_2

1.5Z0 2.830 1378

1.515 _.787 1_12

1.511 2.752 1_4

1.50_ 2.773 1_76

1.505 Z.698 1506

1.503 Z.677 1536

1.500 2.658 1_65

1._99 Z.663 1593

1._97 2.629 1621

1.696 2.617 16_8

1._95 Z.606 167_

1._95 Z.586 1738

1._96 Z.572 1790

1.699 Z.56] 10_5

1.506 2.559 1910

1.515 2.560 1967

1.528 Z.966 2011

1.5_ Z.577 2058

1.565 2.593 2107

1.590 Z.616 21k3

1.619 Z.6_0 2182

1.653 Z.671 Z219

1.691 Z,706 _256

1.779 2.789 Z319

1.879 ?.885 _378

1.988 Z,992 Z_33

_.10Z $.10_ 2_85

2.217 $.717 2536

2.330 ].]28 2587

Z.636 3._33 2637

?.61_ 5.617 273T

?.76_ ].75E 2839

?.857 3.8_9 29_?

2.908 ].099 30_6

2.9?6 ].916 ]151

2.917 ].906 3255

?.891 ].880 3350

?.855 ].8_ 3_62

?.81_ 3.802 3563

?.777 3.760 3663

?.731 ].719 3761

?.693 ].681 3056

2.659 3.667 ]9_9

?.629 3.616 _0_0

?.603 1.590 _129

_._81 ]._68 6216

?.562 ].5_9 _300

2.567 ].53_ _302

2.935 3.571 _63

2.52_ ],511 _542

2.506 3._9_ _732

?._95 3.681 _913

Z._87 3.673 5256

3.688 ).676 5872

2.664 ].630 8232

2.938 3.925 99k_

].762 W.80_ 11_75

7.903 9._78 121_3

f
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TMERMOJYNAHIC PROPFRTIES OF PAPAHyJRoGrN

©RIGINAL PAC:, i:,

,_F POOR QUA!:;": J b

30 PSIA IS3BAR

TEMPERATURE OENSIIY V(DH/OV)), V(_P/OU)\ -V(DP/OV) I (]V/DT_/V THE_HAL VI%COSITv THFPHAL DIEL[CTRIC PPANDTL
CQNDUCTIVITY _IFFUrTVITY CONSTANT NLHBEe

_EG. R LBICU FT BIUIL£ PSIA-CU FTI6TU PSIA I/DEG. P £TU/FT-HP-R LBIFT-SEC SQ FI/H_

X 10

2_.966 4.01505 _68,93

25 4,013_9 76q.21

26 4,78551 26_.89

28 _,726_0 26_,33

30 4,663P0 26_,72

32 k.59552 Z63.$C 11.763

34 4.523?9 25q.72 11.361

36 4._q?B6 255.39 11.010

30 4.36570 248.83 1C.6Q?

;0 4.27610 240.Iq lO.h02

43.209 4.213Z9 233.05 10.211

" 41.299 0.16101 QF._6 3.622

k? 0.15691 88.50 3.635

4_ 0.14655 9_.33 3.650

_6 0.13777 106.13 3.66_

k8 0.13018 105.88 3.671

50 0.12352 111.T_ 3.671

52 0.11760 117.23 3.669

54 0.11230 122.81 3.666

56 0.10751 128._ 3.664

5# 0.10315 133.81 3.661

60 o.oggl7 13_.23 3,658

62 0,095_1 14_.60 3.657

64 0.09213 14q.q4 3.655

66 0.08900 155.27 3.653

60 0.00609 160._7 3.6_1

70 0.08338 165.86 3.640

75 0.07734 179.06 3.6_0

80 0,07215 19_.27 3.629

85 0.06?64 205.50 3.61_

90 0.0635_ 219.07 3.5q4

95 0.06017 232.85 3.568

100 0.05?04 _47. C1 3.53_

105 0.05423 261.65 3.493

110 0,0_160 2?6.86 3._4

115 0.04937 292.7h _.387

120 0,04727 309.37 3.323

125 0.0W533 326._0 3.253

130 0,04355 345.C9 3.179

lkO 0,04039 304.36 3.020

150 0.03766 427._5 2.057

160 0.03520 W73._5 2.69_

170 0.03318 522.88 2.550

180 0.03133 574.66 2._17

190 0.02967 628.2_ 2.299

200 0.02017 502.91 2.197

220 0.02560 792.59 2.040

Z_O 0.023W6 098.93 1,935

260 0.02165 g98._0 1.871

280 0.02010 1090.27 1.837

300 0.01876 1173.60 1.826

320 0.01759 12_9.30 1.831

3kO 0.01655 1318._F 1.8_7

360 0.01563 1383.67 1.870

360 0,01401 1_.91 1.897

_00 0.0140? 1504.27 1.925

_20 0.013_0 1562.39 1,95_

W40 0.01279 1620.I; 1.981

460 0,01224 15_8.26 2.0C6

kSO 0,01173 t736.82 2.02q

_00 0,01126 1796.20 2.04q

520 0.01062 1056.67 2.066

5_0 O.OIOWZ 1317.80 2.081

560 0.01005 1980._2 2.0_3

500 0.00971 204_.71 2,10k

600 0.00938 2107.91 2.112

650 0.00056 2271._ 2.127

700 0.000|_ 2438.5_ 2.136

600 0.0070_ 2780.72 2.1k2

1000 0.005_3 3576.30 2.1_1

2000 0.00202 7_62,36 2,01_

3000 0,00100 11777.00 1.812

4000 0.001_1 19175.41 1.418

5000 0.00110 k6176,_4 0.691

TW3-PHASE BOU_ORY

13.03a 131_7.80 0,0_567_7 0.042_7

13._28 1]145.61 0 005_729 0.0u25f

13,576 1233_.64 9 00604_3 0.0_6?

12.93_ 111_.73 0 0_65112 0.0502_

12.2_3 10255.5R 3 006q6_? 0.05318

9357.HC 0 007_90_ 0.05511

8_3]._8 3 00_1513 0.05_73

7_7_.23 0 00_71q 0.05710

6692,67 0.0097_ 0.0580q

579_.48 0.010_52_ 0.05851

5189.1_ _.0119372 0.05851

2h._6 0.0X771_ 0.01173

2h.q8 0.03510_0 0.011_

2E,7_ 0.03236_3 0.01_17

26.]2 O.07qsITO 0.012_6

26.79 O.0P723q] 0.01207

27.17 0.0?5]632 0.01339

27._q 0.0237726 0.01J83

27.76 0.022_07| 0.01&27

27.99 0.0212155 0.01_70

28.18 0.0201640 0.01512

20.35 0.0192262 0.01555

28.50 0.01830_9 0.01598

28.63 _.0176230 0.016k2

28.75 0.0t6_313 0.01695

28.85 0,0162q7_ 0.01729

28.94 0.0157145 0.01772

29.14 0.014_h10 0.01832

29,29 0.01337_7 0.Olqgl

29.40 0.012W661 0.02100

29.50 0.0116010 0.02210

29.58 0.01099_6 0.023_1

29.64 0.010_8_6 0.02_31

29.69 0.00g84g2 0.02542

29.7_ 0.0093655 0,02661

29.78 0.00_9201 0.027q_

29.81 0.00_5330 0.02907

29.84 0.0081717 0.03031

29.06 0.007_0_ 0.0315_

29.90 0.007255_ 0.03399

29.93 0.0067533 0.03691

29.95 0.0063176 0.0_008

2q.97 0.0059357 0.04325

20.98 0.00559_0 0.051_0

29.q9 0.005296_ 0.05677

30.00 0.0050273 0.06131

30.02 0.00456_ 0.06915

30.03 0.00_178_ 0.07552

30.03 0.0030519 0.08057

30.04 0.00357_5 0.084_5

30.04 0.G0333_5 0.007_1

30.04 0,003126_ 0.08962

30.0_ 0,002_421 0,09132

30.Ok 0.00277_0 0.09264

30.04 0.0026313 0.09372

30.0_ 0.002_994 0,09_68

30.04 _.0023801 0.09559

30.0_ 0.0022717 0.0964q

30.04 0.002172_ 0.097_3

30.0_ 0,0020021 0.09042

30.0_ 0.00199q_ 0.0q947

30.0_ 0.0019219 0.1005B

30.04 0.0018506 0,1017&

30.0k 0.0017_ 0.102_9

35,03 0.00172_9 0.10¢27

30.03 0.001665_ 0.10560

30.03 0.0015371 0.10908

30.03 0.001_275 0.11_72

30.03 0.D0124q1 0,12012

30.02 0.0009903 0.13571

30.01 0,000499_ 0.27727

30.01 0.000]3]3 0.39_5_

29,q_ 0.0002505 0.6_056

2q.23 0.00020_ t.857_5

i.?21 0.0057_ 1,25107 2.22_9

1.715 3.0057q I.?510_ 2.2141

1.593 0.00_9_ 1,25031 2.0128

1.397 0.n0617 1.24102 1.7179

1.23_ O.OOflq 1.2q3_3 1,53q2

1,106 0.00_0_ 1.2396_ 1.4256

I,DOl 0.00_7 1.7356_ 1.3_67

0.91] J.OOq67 l. Y313q J.3045

0._37 3.30_t 1.2_601 1. 2630

0.770 0._0_] 1.221_ 1.2_63

O.T]O }._OG�q 1,21_36 1.2W�W

_.0_7 _.0223_ 1.00770 0.8751

O.08q _.0235q 1.0075 _ 0.8626

0.0_2 0.02720 1.00709 0.03_

_.!]gb _.030_ 1.00667 0.8!_1

O.lO0 0.03h52 1.00630 O, TqR6

0.I_3 3.03_31 1.00597 0.7861

0.107 0.0_21_ 1.00560 0.7758

0.110 0.0_6[_ 1.005_3 0.7670

0.11_ 0.05021 1.00522 0.7603

0.117 0.05_3_ 1.00499 0.7545

0.t21 0.0585q 1.00_70 0,74_3

0.12_ _.06295 1.0046_ 0.7_$

0.12_ 0.06?43 1.0044_ 0.7_01

0,131 0.07205 1.00430 0.7361

0.1]_ 0.0767] 1.00_16 0.7323

0.13q 3.08156 1,00403 0.7_@7

0.146 0.09_0 o 1.0037_ 0.720q

0o15_ 0,10731 1,0034q 0.71_2

0.161 0.12/1_ 1.D0327 0.?08_

0.160 3.13565 1.00309 0.7035

0.176 0.1S06_ 1.00291 0,6996

0.103 0.t6610 1.00276 0.6968

0.190 0.1818_ 1.00262 0.6951

0.197 _.19856 1.00250 0.692_

0.204 0.21577 1.00238 0.6001

0.211 0.23300 1.00228 0.6093

0.217 0.?503] t. OOZlq 6.6898

0.224 0.?6762 1.00210 0.6q16

0.237 0.3017_ 1.00195 0.6987

0.249 0.3396_ 1.00182 0.700h

0.261 0.37q73 1.00170 0.7008

0.272 0.W199_ 1.00160 0.7037

0.307 0.51300 1.00151 0.6872

0.32_ 0.57507 1.00143 0.6808

0.342 0.63381 1.00136 0.6_03

D.360 0._h6_ _ 1.0012_ 0.6026

0.308 0o_5702 1.00113 0,6940

0,40_ 0.06671 1o00105 0,6q47

0._18 1.077_G 1.00097 0.6049

0._31 1,1_q8_ 1.00091 0.6947

0.442 1.30_51 1.00095 0,69_2

0.W53 1.47176 1.00080 0.6936

0.46k 1.5416X 1.00075 0.692_

D._7_ 1.b6_3t 1.00071 0.6920

0._84 1.7_008 t.00068 0.6912

O.W_3 1.91R3_ 1.00065 0.6905

0.502 2,0496_ 1.0006_ 0.6898

0.$11 2.1R3R6 1.000_q 0.68ql

0.520 2.37107 1.00057 0.698_

D.529 2,46116 1.0005_ 0.68_0

0.538 2,60_26 1.00057 0.6975

0.547 Z,75010 1.00050 0.6871

0.556 2.80906 1.000_9 0.6868

0._65 3.05105 1.000_7 D.6065

0.57] |.Z060_ 1.00045 0.6a6_

0.595 3o606_ 1.000_2 0,6857

0.616 _.02607 1.00039 0.6853

0.650 h.02158 1.00034 0.68_7

0.7_2 6. q36q_ 1,00027 0.68W1

1.129 27.11860 1.00014 0.$321

1.473 53.6601_ 1.0000_ 0,5262

1./8q 94,_7_5_ 1.PO00 _ P._831

2.110 178._93_q 1.00005 0.3876

r
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CI - ! !)

35 mSI_ IS39AP

TEMPERATURE VOLONF

DEG. _ CU FT/L[]

Z@.987 O.?OF6]

Z5 0.20?6?

2G 0.2088_

30 0.21_3_

3_ O,ZIT@_

3_ O.Z2G_2

36 0.22_85

38 0,2_889

_0 0,233b_

_2 0.2391_

• _2._75 0.Z_055

" @Z._75 5.3708[

_ 5.68235

@6 6.07313

_8 6._5027

50 6.81724

52 7.17530

5_ 7.52902

56 7.8755_

55 8.71969

60 8.55918

67 8.8_5t

6b 9.2281]

66 9.56038

68 9.8695?

70 10o71693

75 11.02850

80 11.83239

85 12.63005

90 13._Z_53

95 I_.21160

100 lh.99/02

105 15.17978

110 16.560i7

ti_ L7.33_5_

120 18.115]?

1Z5 18.89058

130 19.66456

L_0 71.Z0931

150 22.75050

160 Z_.Z&902

170 25.82_?_

180 27.35953

190 28.89_33

ZOO 30.42378

Z2O 33._8353

Z_O 36.5_000

260 39.59_;

280 _Z.6kbO8

300 _5.69_64

320 4_.7@600

3@0 51.79_36

360 5k.8hLg_

380 57.8_879

_00 60.93510

_Z8 63.98092

_0 67.0Zb33

@60 70.07139

_80 73.11613

500 76.16063

_ZO 79.30_85

5_0 8Z.2_335

560 85.28_89

_80 88.3302_

600 91.37350

650 96.90110

700 106.58817

800 121o80093

1000 t52.Z23_2

2000 30_.320Z0

]000 _56._02

_8OO 609.7578_

5000 779.20905

" THO-P_SE _G_N_RY

I]OTr'I_H _SOC-_RF I'ITLPN_ :_:f"'l n, FNTO0p¥

Ct_ =T-_r_/_ PSI_/;> _TL/Ln _IU/L;_ _TU/Lg-_

27_3._! 7_._061 -132._'7 -L31._91 1.18g_0

2589.0_ 74,612_ -131._4 -133._30 1.250o0

2207._*6 71.51{? -12_*._3 -123._64 1._q593

2_@_._@ _d,187_ -170._,_ -11q._8 1.61939

1_1_.93 67.2891 -111._3_ -110.?7_ 1.06_25

i58_._7 65.3_6_ -IOt.?T2 -i05.089 1.09_08

1165.87 61.I_2 -_T.117 -95.56? 2.25792

1147.15 L0.5_2! -9_,_,5 -9_.20_ 2.?9015

15G._ 1.3_5_ _2.G_T 8:.J_9 6.55595

L6_.i? 1.01_ 65.07_ 91.90Z 6.67258

tSr._ _.979' 58._2 9a.Zt _ 6.812?5

211,62 0,_258 [,6.]J? 110.185 7.062_2

226.07 0.?80& 60._ 115.95_ 7.17563

2_G.08 d.7_1( 72._ 121.6]0 ?,28266

_53.77 0,105 o 76.]_1 1_7,_1 q F.38_]1

Z67,0_ 0.674_ ?_._,o 133.701 _.4812G

280,5W 0.6_ Q @?.7_5 L38._07 7.57385

_93._1 0.67_C 85.q70 1_].62] ?,66263

305,69 @.596_ _9. I_1 I@_.995 7.7_792

31_.Z0 0.57_7 92.370 15W.381 7.8300Z

33_.57 0._5_7 95.5_1 159.536 7.90921

3kZ,_ 9 0.5361 08._07 164.018 7.985?0

372,9_ 0o,95? 106.533 17_.013 8.t66_1

@02°59 0.660_ 11_,313 190.999 8.33407

031.79 0._304 122.060 203.916 8._9069

_b0.6_ 0._043 l_q._q_ ?15.790 0.63186

_89.22 0.381_ 137._2 729.6G _ 8.T769_

517,_7 0.360_ 1_5._19 _Z.516 6.90891

5_5.7] 0.3425 193,1_ _55._2_ 9.03k82

573.73 9.3261 Lb1._5_ 768.385 9.155_5

501.60 0.3117 169,067 _81.439 9.27]_g

629._4 0._976 |77._99 _99.60_ 9.38357

656.99 0.2852 l_5*_PO 307.911 9.09219

68_.5_ 0.273_ 193.q72 321.379 9.5978]

739._3 0.253_ Z11._30 ]_8._@_ 9.80166

798.07 0.2362 27_o_4_ ]7T.292 9.99750

8_8._3 0.2211 _4_.2_ _06,707 10.18738

_02.82 0.207_ 769._19 @]7.21_ 10o37239

95_.9n 0.1961 791.526 _68.8_5 10.55306

101_.0_ 0.18_I_ 31_._?? 501.57_ 10.7296_

106_.0; 0.1761 338.2_q 535._07 i0.90303

1172.71 0.159 _ 3_9.007 606.011 11.23938

1_80.18 0.146 _ _3,0,,] 679.861 IL._6019

1387,_9 0.1352 _99.39_ VSG._Oq 11.865_7

IW9_.66 0,12_q 557.372 833.61T IZ.LS_TI

1_i,73 0._17C _5,6{C _II,_22 1Z.82267

170_.71 O.!3QF _7_.1_ 99_.[19 ? 12,675_9

I@I_.62 0.1031 T32._0 I067.99_ 12.9_107

1922._ 0.097_ 7_9.@19 11k5.75_ 13.13195

2029.29 0.0922 _6._7 127t.727 13.338_0

2136,06 0._87¢ 902._30 1_97.353 13.5327_

22_2.79 0o083_ 957._*7_ 1372.13q 13.71517

2340.S_ 0.079:_ !?II.T37 I_45.i3_ 13.68733

2_56.18 0.076_ 10f,5._7] 1519._13 I_.050_0

2_6_,P5 O*OF3_ 1118.17_ 1592.0_0 1_.2045_

Z6bg._g 0.3701 117U,_i 1664.10_ 1_.35179

2776.11 0.0674 IZ??._ :_ 1735._4_ 1_._9230

288_.5_ 0,06_ t_73.839 I_06,86_ 1_.62652

2989.10 0._62 c 1 _?_._i:0 I_77._09 16*75478

3095.71 C.060_ LT75.670 1_3.1_3 14.8703Q

3Z0_.2_ 0.058_ l_P6.Zw5 _018._? I_.59760

346P.65 0*_539 1951*_3 _10]._ 15.27809

373_.96 0.050_ !676.:_6 _61.78 ° 15.536T2

_267._? 0.0_3_ 1975.H!:_ 7715._g? 15.0_]06

533Z.53 0.035C Z_3.23/ |_09.a06 16.775@2

10656.1_ 3.0175 4969,_r9 53_Z.17_ 19.21613

15979,_q 0.0117 779_.1_ 13_16.?r3 _0,73778

21302.57 _.00_ I099_.._I 1_9%3._5_ 22.14130

CV CP VELOCITY

OF SOUND

RTJ / LB -R FT/SEC

1.120 1.526 8156

1.170 1.5_5 0168

1,1q] L.599 8088

1.201 1.720 3971

1.251 1.8_2 3881

1.296 1.972 3796

1.337 Z.11q 3703

1,372 2.262 3616

l._OZ 2.830 3519

1._28 0.620 3413

1._.6 Z.888 3290

1. _ 50 2.902 3Z 62

1.6 05 3.381 LZiZ

1.577 3.2Z7 LZ48

1,553 ].087 1291

1.539 _.989 1330

1,529 3.916 L567

1.522 2.859 L@02

1.5 1 _ Z. 810 1456

1.513 Z. 777 1469

1.513 2.7_6 1500

1.507 2.719 1530

1.508 2*696 1560

1.502 2.677 1589

1.500 2.660 1617

1. @ 99 2.6_5 164k

1. @98 2.632 L671

L._97 Z.607 1735

1o _ 98 2. 590 1796

1.501 Z.578 1854

1.507 Z.572 1909

1.516 2.572 1961

1,5_9 2.576 _010

1.545 Z.586 2057

1.566 2.601 ZLOI

1.591 2.521 _143

1.620 2.6_6 2182

1.65_ 2.676 2219

1.692 2.711 2_54

1.779 _.793 2319

1,079 Z.889 2378

1.988 2.955 2_3_

2. I0_ 3.107 _486

2.217 3.219 2537

2.330 3.330 2587

2.437 3.035 2637

2,627 3.618 2738

2.763 3.757 2840

2.85_ 3.850 Z943

2.909 3. 900 3047

2.9?5 3.917 3152

2.917 3.907 3256

2.891 3.881 5360

2.855 3.8_4 3463

2.81_ _.803 3564

2.772 3.760 366k

2,731 3.719 3762

2.69] 3.681 3057

Z.659 3.647 3950

Z. 629 3.617 0041

Z.6OS 3.591 8130

Z. 581 3.56_ _217

2.562 3.5_9 4501

Z.5_7 3.53_ 4383

2.535 3. 521 _64

2.52_ 3.511 _54_

Z,506 3._92 @732

2,_95 3._81 _qi@

2.@@7 3._7] 575_

Z._@@ ]._7_ 5@73

2,6_ ].630 8252

3,937 3.924 99k5

].715 _*75_ 11Z35

7.569 9.097 12166

!
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35 PSIA ISOBIR

TEMPERSIURE OENSITY

OEG. R LB/CU _I

TF[RHODYNAMIC PROPERTIES OF PARAHYDROGEN

V(DH/DV)p V(DPIDU) V -V(OPIOV) T

BTUILB PSIA-CU FTIBTU PSIA

• 2;,987 ;.81620 260.41 13.836 13175.7S

25 k.81531 ZTO.C7 13.031 132i0.45

26 4o28741 265,71 13,579 1239S,03

28 ;.7ZgOZ 26;,86 12.848 11233.79

30 ;.665;2 Z65.2& 12.256 10290.72

32 ;.507_S 26;.08 11.r7S 9;00,;2

3; ;.5264; 260.30 11.373 8;72,Z0

36 4.450r3 256.C4 11.021 7615,17

30 ;.36893 2;9.55 10.T08 673;.56

;0 4.28019 2;1.45 10.;14 5850.3;

;2 ;.16169 230.97 10.11; 4950.93

" 42.47S ;.15706 ZZS.?_ 10.039 4768,76

" k2.;75 0.18619 07,29 3.632 28.02

;k 0.17598 91.88 3.657 28.89

;6 0.16;66 97.85 3.67; 29.78

;0 0.15503 103.76 3.680 30.;8

50 0.1;669 109.61 3.601 31.0;

52 0.13935 115.30 3.680 31.50

5; 0.13202 121,C8 3.677 31.89

56 0.12696 126,7Z 3.674 32.21

50 0.12196 132.29 3.621 32.;9

60 0,11603 [37.80 3.660 32.?3

62 0.112;2 1;3.24 3.666 32.9;

6; 0.1003S 1;0.65 3.665 33,12

66 0.10;60 I54.03 3.662 33.28

68 0.10112 159.;0 3.660 33.;3

70 0,0978& 164.7_ 3,657 33.55

?5 0.0906? 170.07 3.6;8 33.82

00 0.08;51 191.39 3.637 3;.02

05 0.02918 20;,78 3.622 3_.19

90 0.07450 218.35 3.601 34.32

95 0.07037 _32.19 3.5?4 3;.;2

100 0.06660 2;6.;0 3.5;0 3;.51

105 0.0633? 261.09 3,490 34.56

110 0.06039 276.34 3,;;9 34.65

115 0.05767 292.25 3.392 34.70

120 0.055Z0 300.91 3.320 3;.T;

125 0.0S29k 326.37 3.258 3;.78

130 0.05005 3;k.68 3.103 3;.01

1;0 0.0471S 383.99 3.02; 34.86

150 0.0;395 426.91 2.860 3;.90

160 0.0;112 ;73,2; 2o201 34.93

120 0.03872 522,59 2,553 3;,96

100 0,03655 574.39 2,;19 34.98

190 0.03;_1 628.05 2.301 3;.99

200 0.03287 @82,71 2.199 35.01

220 0.0298? ?92.45 2.0;2 35.02

2;0 0.0273? 090.8; 1.932 3_.0;

260 0.02526 998.76 1.872 35.0;

280 0.02345 1090.29 1.838 35.0_

300 0.02188 1L23.66 1.827 30.05

320 0.02051 12;9,41 1.832 35.05

3;0 0.01931 1319.01 1.8;0 35.0_

360 0.01823 1383.85 1,870 35,05

300 0.01722 1445.12 1.898 35.05

;00 0.016;1 1504.50 1.926 35.05

;20 0.01553 1562.64 1.95; 35.05

4;0 0.01492 1620.41 1,902 35.05

;60 O.Ot_IT 1_78.5; 2.007 35,05

;80 0,01398 1737,17 2.029 35,05

500 0.01313 1796.59 2.049 35.0_

520 0.01263 1856,99 2.067 35.05

540 0.01216 1918.[_ 2.002 35.05

560 0.01173 1980.72 2.094 3S,0S

580 0.01132 2044.06 2.10; 3S,05

600 0.010_; 2108.27 2,113 30.05

650 0.010L0 2271.03 2.128 35.04

700 0.00_30 2;38.98 2,137 35.0;

800 0,00821 2781.12 2,1;3 35,0;

1000 0.00657 3_76,73 2.1;2 35.03

2000 0.00329 7262.0; 2.01_ 35.02

3000 0.00219 %1724.00 1,813 35.01

4000 0.00%64 18981.00 1.436 3;.9k

_000 _.00128 ;_;04.34 0.721 3_,17

TWO-PHASE BOUNORY

C-2b

(OV/Or_/v THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
t-

CONOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

[/OEG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR

X 10 _

0,0056631 0.0425S 1.722 0.00_29 1.2520_ 2.2226

0.0056;?5 0,0;259 1.719 0.00500 1.25199 2.2159

0,006019_ 0.04564 1.596 0.0059_ 1.250;2 2.01k1

0.0064933 0,05025 1.396 0.006%8 1.2;713 1.7192

0.0069436 0.05322 1.236 0.00619 1.24356 [,540;

0,007;66; 0.05516 1.100 0.00605 1.23978 1.;26;

0.0081232 0.05628 1.003 0.00580 1.23978 1.3521

0.008_362 0,05216 0,915 0.0050_ 1.23155 1.30;3

0.0092359 0.05616 0.839 0.005;8 1.22699 1._62;

0.010852? 0.05860 0.772 0.00523 1.22206 1.2433

0.0[23303 0,05852 0.711 0.00491 1.21661 1.2;63

0.01268?2 0.058;3 0.698 0.00;84 1.21525 1.24_6

0.03873;1 0,012Z6 0.090 0.0194_ 1.00902 0.8971

0.0351255 0.012;7 0,093 0,02196 1.00852 0.667?

0.0315514 0.01200 0,097 0.02519 1.00797 0,8390

0.02980;5 0.01318 0.100 0.02844 1.00250 0.8193

0.0266013 0.01358 0.104 0.03125 1.00710 0.8034

0.024??97 0,01399 0,102 0.03513 1,C0674 0.7906

0.0232391 0.0I;;2 0.111 0.03858 1.006;2 0.?799

0.0219131 0.0148; 0.[15 0.0_209 1.00614 0.2714

0,020?559 0.01526 0.118 0.0;569 1.0058_ 0.76;2

0.0197334 0.01S68 0.121 0.04936 1.00565 0.2578

0.0_88238 0.01611 0.125 0.0531S 1.005;; 0,2520

0,0180067 0.0165; 0.120 0.05702 1.0052; 0.7;68

0.0172625 0°01697 0.131 0.06090 1.00S06 0.7421

0.01659;6 0.012;0 0,135 0.06505 1.00489 0.7377

0.0159285 0.01783 0.138 0.0692! 1.00473 0.733?

0.0146;1k 0.01892 0.146 0.00001 1.00438 0.72;9

0.0135303 0.02000 0.15; 0.09139 1.00;08 0.7125

0.0125093 0.0Z109 0.162 0.10333 1.00383 0.7111

0.0112801 0.02219 0.169 0.1157_ 1.00360 0,7058

0.011075; 0.02328 0.176 0.12867 1.003;0 0.7016

0,010;551 0.02;36 0.18; 0.1;195 1o00322 0.6985

0.0099046 0.02549 0,191 0.15552 1.00306 0.6966

0.0094121 0.02660 0.198 0.16985 1.00292 0.6936

0.0009685 0.02791 0.20; 0.10;$9 1.00229 0,6912

0,0085666 0.02913 0.211 0.19944 1.00267 0,6903

0,0082005 0.0303? 0.21_ ].21433 1.00256 0.6907

0.007865? 0.03160 0.22; 0,22918 1.002;6 0.6923

0.0072?;2 0.03;04 0.237 0.258;9 1.00220 0.6993

0.00676?7 0.03695 0,249 0.29099 1.00212 0.?009

0.0063208 0.0;013 0.261 0.32542 1.00199 0.7012

0.0059;;5 0.0;330 0.2?3 0.35996 1.00107 0.70;1

0.0056050 0.05181 0,307 0.44025 1.00177 0.68?6

0.0053025 0.056?0 0.326 0.;9260 1.00167 0,6892

0,00503L6 0,06131 0.3;2 0.54297 1.00159 0.6907

0.00;5662 0.06915 0.368 0.6398q 1.00144 0.6929

0.00;1804 0.0?552 0.388 0.23440 1.00132 0.6942

0.0038552 0.06057 0.404 0.82849 1.00122 0.69;9

0.003S7_3 0.086;5 0.410 0.92342 1.00113 0.6951

0.00333?0 0.08741 0,;31 1.01986 1.00106 0.6949

0,003L221 0.08963 0.4_2 1.11020 1.00099 0.69;;

0.0029_22 0.09132 0.;53 1.21075 1.00093 0.6937

0.0027281 0.0926; 0.46; 1.32155 1,_0088 0.69?9

0.0026313 0.093?2 0.;7; 1.;2626 1.00083 0.6921

0.0024993 0.09;69 0.;84 1.$3;;2 1.00079 0.6913

0.0023000 0,09560 0.493 1.6;_58 1,00075 0,6905

0.0022716 0.09650 0.502 1.25718 1.0007_ 0.6890

0.0021226 0.09?;; 0.511 1.87225 1.00069 0.6892

0.0020820 0.09843 0,52[ 1.98985 1.00066 0.6806

0.0019996 0.099;0 0.530 2.11002 1.00063 0.6880

0.0019216 0.10059 0.530 Z.2327! 1.00061 0,6876

0.001S504 0.10125 0.5;7 ?.35??6 1.00059 0.6071

0.0017842 0.10299 0.556 ?.4854_ 1.00057 0,6068

0.0012227 0.10;20 0.565 2,61580 1.00055 0.o665

0,0016652 0.10561 0.573 Z.?;0_5 1.00053 0.6_62

0,0015321 0.10909 0.59S 3*09202 1.00049 0*685?

0.00142?3 0,1127; 0.616 3,45125 1,000_5 0,6853

0,0012489 0.12033 0.659 ;,219S? 1.000;0 0.68;?

0.0009992 0.13523 0.7;? 5.9;737 1.00032 0.6841

0,000;995 0.27722 1.129 23.2;60t 1.00016 0.5322

0.0003332 0,39532 1._73 ;5,98670 1,00011 0.526;

0,0002595 0,6305k 1,_90 00.825;_ 1.00008 Q.;057

0,00020;9 1.267_5 2,108 IS1.;2496 1.00006 0.3906
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C-2b

_EM_ERATURE VOLUqE

lEG. R CU FT/L9

25.008 _._0258

26 0.Z0880

28 0.211]I

30 0.21_w

32 0.21737

31 0.ZZ030

36 0.22_5_

_Z 0,23390

• _3.556 0.?_363

• ;3.536 ;.12052

;_ _,81663

16 5.127_9

13 5.521_;

$0 $.85W5_

52 6,1782/

51 6.19W92

56 6.80_90

58 7.11213

62 ?,21356

6; 3,0091Z

66 8.303_1

68 8.59_95

70 3.83_60

75 9.60125

80 10.31032

85 11.01321

90 11.71161

95 12.;0511

100 13.09392

105 13,28363

110 11.16899

115 15.15237

120 15.83105

125 16.51k26

130 17.19318

1;0 18.5_730

150 19.89891

160 21.Z;121

170 22.593]t

180 23.93755

190 25.28012

ZOO 26.6Z1_3

220 29.30090

2_0 31.97210

260 3_.65082

280 37.32_61

300 39.992_

320 _2.66203

3;0 _5.33013

360 _7.99713

380 50.66;0_

WOO 53,33009

;20 55.39566

;kg 56.66081

160 61.32561

_80 63.99010

500 66.65_33

520 69.31831

S;O 71.9773_

_60 79.61065

_80 77.30380

600 7_.96@81

650 86,6238k

700 93.28030

800 106.59199

1000 133.21219

ZOO0 266.2913_

3000 399.39061

_OOO 533.1851_

_000 680.72_1_

• TWI-PHASE 80UNDRY

TPFPMOOINAMIC PROPERIIES OF PARAHYOROGEN

I_OTHERM ISOCHORE INTFRNAL ENTH&LPY ENTROPY CV CP VELOCITY

OERIVAIIVE OERI_ATIV_ ENERGY OF SOUNO

iJ =T-PSIAI_B RSIAIR BTUILB BTUILB 8TUIL8-R BTU / LB -R FTISEC

_?W_.77 7_*6_86 -132.360 -131.323 1.138_; 1.120 1.526 k1_9

2_0F.65 1_,6_53 -I]1.313 -129.762 1.219W6 1.118 1,597 ;Og5

2303,90 23.03_3 -128,036 -126.170 1.37161 1. Z00 1.719 3977

ZZ16.6_ 71._98_ -IZ_._93 -I22.906 1.19159 1._50 1.810 3687

Z052._ 70._751 -120.695 -119.085 1.61790 1.296 1.970 3602

1379.50 68.91?6 -116,631 -111.996 1.71182 1.336 Z. 112 3709

1219.G_ 67,3297 -112.Z98 -li0.63k 1.866_5 1.371 Z.259 3622

15_9._ 6_.66_3 -107.6q9 -105.9_9 1.9929k 1.;01 Z.125 3525

1377.8_ 63.6817 -107.653 -100.92q Z.12191 1,;26 Z.611 3_21

1195._B b1.?6_2 -92.231 -95.161 2.25518 1.;15 2.839 3296

1057._ 59.0715 -97,757 -90.952 Z.36061 1.158 3°037 3195

117.;_ 1.2139 _Z,_76 82.300 6.k5761 1,615 3.506 1218

151,99 1.2163 53.2_8 88.92; 6.19_72 1.601 $._;; 1230

170,_ 1.1165 _7.219 99.598 6.61308 1.572 3°21; 1276

137,08 1.0367 61.0_3 101.911 6.77811 1.552 3.109 1318

202.99 0.9706 6_.696 108.061 6.90300 1. T;0 3.012 13S6

218.19 0.9113 68.2_7 111.009 7.01966 1.531 2°939 1393

232.F_ 0.865_ 71,721 119.328 7.12917 1.525 Z.88E 1_26

Z_7.CO 0._22_ 75.133 1Z5.913 7.233_0 1.$20 2.835 1161

_6C,8_ 0.7812 r8._9_ 131.171 7.33220 1.916 2.797 1_93

27_.30 0.?_99 _1.817 136.736 7.12618 1.51Z 2.761 1821

?87,53 0._188 85.102 112.236 7.51665 1.500 2.736 1SS;

300.5_ 0.6906 88.356 117.681 7.60313 1.506 2.712 158k

313.35 0.66_8 91.585 153.088 7.68527 1. S03 2.692 1612

326.00 0,6111 91.792 158.k51 1.76637 1.T02 Z.671 1660

338.19 0.6191 97.980 163.781 7.8;367 1.500 2.609 1667

369.19 0.5709 105,895 177.001 8.02605 1,199 Zo629 1732

399.26 0,5]01 113.721 190,093 8,19501 1.199 2.608 179;

_28,_W 0.1911 121.516 Z03.09; 8.35265 1.SOZ 2.sgk 18_2

_$8.02 0.16h6 129.293 216.010 8._0061 1,508 2.586 1901

_86.89 0.W379 137.071 Z28.960 8.6;035 1.517 2°583 1960

51_,&9 O.klk2 1_.883 211.883 8.77292 1.530 2.586 2010

5;3.88 0.3930 152.7k1 _51.835 8.89930 1.516 Z.595 20_7

572.08 0.37;0 160.672 267.8;3 9.02033 1.566 2.609 2101

_00.)2 0.3566 168,_02 280.935 9.13671 1.591 Z.628 21_3

628.02 0.3kll 176.851 291.136 9.2;907 1.621 2e653 2112

655,_1 0.3268 185.152 307.172 9.35795 1.651 2.682 2220

583.50 0.3137 193,619 320.968 9.16381 1.69Z 2,717 ZtSS

738.e3 0.?90; 211.1_5 3;8.527 9.66601 1.779 2.798 2320

7_3._7 0.270_ _29.582 376.972 9.86121 1.879 Z.893 2379

3_8.09 0.2531 2;9,0;7 ;06.123 10.09125 1.988 2.996 2_3_

_O_.S_ 0.2378 269.613 _36.960 10.23935 2,102 3o109 2_87

_56,33 0.22_3 291.319 168.619 10.12027 2.218 3o222 2938

1011.6C 0.2123 31;.127 501.371 10.59699 2.330 3.333 2§08

1065,C_ 0.2015 338.0;6 53_.228 10.77019 Z.437 3.137 2638

1172.91 0.1829 388.839 605.869 11.10701 Z. 623 3.620 Z739

1280._ 0.167_ ;;2.897 679.7;8 11._281_ 2.763 3.759 _e_1

1387.q_ 0.15h5 ;99.266 755.921 11,73313 2,858 ],852 Zg_h

1_95._ 0.1_3_ 597.101 _33.9_7 12.02065 2.909 3.901 38k8

150_,_0 0.133/ 515,550 911.771 12.29062 2.926 3.917 31_3

170_._6 0.1293 671.065 990.059 12.51335 2.917 $.908 3297

1316.,3 0.1179 732.217 1067.973 12.77916 2.891 $.881 3361

1922,3_ 0.1113 289.733 1119,2k6 13.00008 2,855 3°8;5 3_61

2030._ 0.1051 816._66 1221.731 13.20686 2.811 3.803 3565

Z137,C1 0,1001 902.355 1297.366 13.;0093 Z.772 3.761 3665

22_3.29 0.099W 957.;05 1372.161 13.58337 2.731 3.719 3763

2350._3 0.0910 1011.672 11k6.168 13.75555 2,693 3.681 38S8

2_57.2_ 0.0870 1065._12 1519.;k6 13.918_; 2.659 3.6;7 3951

2_63,93 0.083; 1118.113 159_.082 1_,07279 _.629 8.617 _0_2

257_,5_ 0.0801 1170.;_3 166_.156 11.22005 2.603 3.591 _131

2777,2_ 0.0770 1222.311 1735.716 11,36057 2,581 3.569 6217

2883.71 0.0711 1223.793 1806.923 11.19191 Z.S6_ 3.519 ;302

299C.31 0.0715 132_.817 1872.671 11,6Z308 Z.517 3.53; 130_

3092.9O 0.0690 1375.629 19k8.212 11.71678 2._I5 3.521 ;k6fi

3203,_3 0.0667 1126.217 2010.551 11,86600 Z.5Z; 3.511 ;5_3

3W69,88 0.0616 1551.929 2193.9_; 15.11611 2.506 3. k92 k733

3136.21 0.0572 1676.956 2367.876 15.;0505 2.195 1.181 6915

W268.86 0.0500 1925.375 2219.193 15.86910 2.;87 3.;7; 5285

533J,87 0,0;00 2_23,221 3109.911 16,61378 2._88 3.k7k $876

10657.5? 0.0200 _969,851 6912.300 19.08150 2.6;; 3.630 6233

1598C.82 0.0133 7757.920 18716.173 Z0.60108 2.936 3. g22 99_6

2130_.0C 0.0100 10986.0_9 11937.528 22.00617 3.680 ;.711 112_;

26627,1_, 0,0080 1619_.t_5 21236.$90 2_.2303; ?,300 0,789 12176

f
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40 PSJA ISOBAR

TMERMOOfNAHIO PROPERTIES OF PARAHYOROGEN

TEHP(RATUR( DENSITY V(OHIOV)p V(DP/0U) V -V(OP/DV) T

D(G. R LB/CU FT 8TU/LB PSIA-CU FT/BTU PSZA

• 25,008 4.61T$1 269.88 13.033 13203.72

28 4.T8930 266.52 13.581 12455.31

28 4.73105 165.39 12.862 11278.74

30 4,66263 265.00 12.269 10341.T5

32 4.60038 Z64.65 11.787 9942.88

34 4,$2907 260.88 11.385 8512,30

36 4.45319 156.68 11*031 ?655.99

38 4.37215 25G.27 10.719 6776,37

60 4.20381 242,28 10.425 5902.40

42 4.1859Z 231.89 10,126 5004.17

• 43.536 4.10380 223.18 9.872 4340.35

• 43.536 0.21148 87.91 3.643 31,19

44 0.Z0T61 89.35 3.652 31,56

46 0.19314 95.52 3.678 32.8?

48 0,18110 /01.61 3.688 33.88

SO 0.17081 107.61 3,691 39.67

$2 0,16186 113.53 3.690 35.32

54 0.15397 119*35 3.687 35.05

56 0.14893 125.10 3.683 36.29

58 0.14060 130.77 3.680 36.6T

60 0.13607 136.36 3.67? 8?.00

62 0012964 141.88 3.6T6 37.10

64 0.12485 147.36 3.674 37.52

68 0,12043 152,81 3.672 37.74

68 0.11635 158.28 3.669 37.93

?l 0,112$5 163.63 3.666 38,10

T5 0.10615 177,08 30657 30,45

80 0,09698 190.50 3.645 38,72

85 0.09080 203.99 3.629 38.94

90 0.08539 217,63 3.608 39.11

gS 0,00061 231.54 3.581 39,25

100 0.07638 245*80 3,546 39.36

105 O,O?ZSS 260.53 3.504 39.46

218 0.06911 275.82 3.454 39.54

215 0.06600 291.77 3.397 39.61

120 0.06316 308.46 3.333 39,66

125 0.06055 325.94 3.262 39.71

130 0.05816 344028 3.187 39.75

140 0.05301 383.62 3.02? 39.82

150 0.05025 426,57 2.864 39,87

160 0004?06 472.93 2.?04 39.92

IYO 0.04426 522.30 2.556 39095

£80 0.04178 574.13 2,421 39.97

190 0,03556 627.82 2.303 39.99

200 0.03756 662.$1 2,201 40.01

_21 0,03413 ?92.30 2,044 40.03

140 0,03127 898.75 1.938 40.05

260 0.02886 998.73 1.873 40.06

Z80 0.026T5 1090.31 1.839 40,06

300 O.02SOO 1173.73 1.828 40.0?

320 0.02344 1249,52 1.833 40.0?

360 0.02208 1319.16 1.840 40.07

360 0,0Z083 1384.03 1.871 40.07

380 0,81974 1445.32 1.898 40.0?

480 0,01875 1504,73 1.927 40.07

410 0.01706 1562,90 1.955 40.0?

440 0001705 1620.68 1.982 40,07

460 0.01631 IS78.83 2,007 40.07

480 0001563 2737,42 2.030 40.0?

500 0001500 1796,90 2.050 40.07

5ZO 0.01443 1857.32 2.06? 40.0?

540 0.01389 1918.48 2.082 40.06

560 0.01340 1981.11 2.094 40.06

see 0.02294 2044.41 Z.I05 40.06
500 0.01251 2108.63 2.113 40,06

650 0.01154 2272.21 2.120 40.06

701 0*01072 2439.36 2.137 40.05

600 0*00938 2781.53 2.143 40.05

1100 0.00751 3477.15 2.142 40.04

2000 0.00376 7263.32 2.014 40.02

3000 8000250 11771.03 1.814 40.01

4000 0000287 18814.36 1.450 39.93

5000 0,00147 42970.51 0,?46 39,11

• TMO-PH2SE 80UMORY

(OVIDT_/V THERMAL VISCOSITY
CONOUCTIVITY OIFFUSIVITY

I/OEG. R BIU/FT-HR-R LB/FT-SEC 59 FT/HR

C-Zb

THERMAL OIELECTRIC PRANDTL

CONSTANT N_MBER

X 105

0,0056536 0.04264 1.113 0.00500 1.75211 2.2204

0.005993I 0.04566 1.600 0.00597 1.25052 2.015_

0,0064755 0.05028 1.399 0.0061_ 1.24725 1.7216

0.0069232 0.05326 1.239 0.00620 1.24368 1.5_16

0.0074_21 0.05520 1.111 0.90609 1.23991 1.4271

0,0080956 0.05633 1.006 0.00509 1.23592 1.3575

0.0088009 0.05?22 0,918 0.0056_ 1.23171 1.3042

0.0096899 0.05813 0,842 0.00549 1.2271T 1.2617

0.0107891 0,05868 0,754 0.00524 1.22226 1.1419

0,0121432 0,05861 0,713 0.0049_ 1.21684 1.2441

0.0136099 0,05823 O.6TO 0.00467 1,21230 1.2583

0.0398766 0.01278 0,093 0.01724 1.01024 0.9198

0.0385455 0.01282 0.094 0.01793 1.01006 0. q084

0,0339616 0.01309 0.097 0002089 1,00935 0.8700

0.0306006 0.01342 0.101 0.02383 1.00877 0.8430

0,0279928 0.01378 0.105 0.02679 1.00827 0.821T

0.025888_ 0.01417 0.108 0.02980 1.00783 0.8069

0.0241428 0*01458 0.112 0.03286 1.00745 0.?939

0.0226622 0.01499 0.115 0.03599 1.00711 0.7833

0.0213858 0.01540 0,118 0.03917 1.00680 0,7744

0.0102690 0.01582 0,122 0.04243 1.00652 0.7668

0.0192843 0.01624 0.125 0.0457_ 1.00627 0.7599

0.0104063 0.01666 0.129 0.04920 1.00604 0.7538

0,0176169 8.01709 0.132 00052?0 1.00582 0.7483

0.0169011 0.01751 0.135 0.05628 1.00563 0.7434

0,0162508 0.01794 0.138 0.05994 1.00544 0.7388

0.0148466 0.01902 0.146 0.06945 1.00504 0.7290

0.0136589 0.02009 0,154 0.07945 1.00469 0.7200

0.0127144 0.02118 0.162 0.08994 1.00439 0.7139

0.0118803 0.02227 0.169 0.10087 1.00413 0,?081

0.0111569 0.02336 0.177 8,11219 1000390 0.?036

0.0105222 0.02446 0.186 0.12384 1.00369 0.?002

0*0099603 0.02556 0.191 0.15575 1.00351 0.6980

0.0094585 0,02674 0.198 0.14832 1.00334 0.6949

0.0090080 000279? 0,205 0016125 1.00319 0.6924

0.0086002 0.02920 0.211 0.17427 1000305 0.6913

0.0082294 0.03043 0.218 0.1873_ 1.00193 0.6915

0.00?8905 0003166 0.224 0020035 1.00281 0,6931

0.0072929 0*03409 0,237 0.22603 1*00260 007000

0.0067811 0.03700 0.249 0.25452 1.00243 0.7014

0.0063400 0.04017 0.261 0.28469 1.00217 0.7016

0.0059533 0.04335 0.173 0.31495 1.00214 0.7044

0,0056120 0.05181 0.307 0.38495 1000201 0.6881

0,0053080 00056?8 0.326 00430?5 1000191 0,6096

0.0050361 0.06131 0.342 0.4748_ 1.00181 0.6910

000045691 0.06925 0.360 0.55969 1.00165 0.6932

0,0041823 0.07552 0.380 0.64244 1.00151 0.6945

0,0038_65 0.06057 0.404 0.72481 1.00139 0.6952

0.0035781 0008445 0.418 0080?94 2.00129 0.6953

0.0033375 0.08741 0,431 0.89238 1.00121 0.6950

0.0031275 0.08963 0.442 0.97847 1.00113 0.6945

000029424 0009132 0.453 1.06650 1.00107 0.6938

0.0027781 0.09264 0.464 1.15649 1.00101 0,6930

0.0026313 0,09372 0.474 1.24859 1.00095 0.6922

0.0024992 0.09469 0.484 1. 34283 1.00091 0.6914

0.0023799 0,09560 0.493 1.43926 1.00086 0.6906

0,0022714 0*09651 0.502 1.53782 1.00082 0*6099

0,0011725 0,09745 0.51_ 1.63655 1,00079 0,6892

0.0020818 0.09843 0.521 1.74148 1.00075 0,8886

0,0019984 0.09949 0.530 1.84666 2.00072 0,6881

0,0019114 0.10060 0.538 1.95405 1.00070 0.6876

0,0018502 0.10176 0,$47 Z. 06351 1.00067 0.6872

0.0017840 0.10300 0,556 Z. 17530 1.00065 0.6668

0,0017225 0.10429 0.565 Z.28936 1.00062 0*6065

0*0016650 0*10562 0,573 Z*40564 1.00060 0*6862

0*0015369 0,10910 0*595 Z,70616 1.00056 0*685?

0.0014271 0.11275 0.616 3.02101 1,00052 0,6853

0.0011488 0*12034 0*659 3*69297 1.00045 0*6847

0*0009991 0*18575 0*743 5*20519 1.00036 0.6841

0*000499? 0.27?27 1.129 10.34157 1.00018 0*5311

0.D003332 0.39513 1,474 40.23327 1.00022 0*5266

0,0002504 0.62246 1.790 70.44546 1.00009 0,4880

0.0002045 1.69516 2.107 131.30273 1,00007 0.3933
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C-2b

W5 _SIA ISOBAR

TEN_ERATURE VOLUNE

OEG, R CU FT/LB

25,029 O.zor5z

26 0.20872

20 O,ZIIZ&

30 0.21_14

37 O.ZIFZ6

3W 0.22065

36 0.22439

36 0.22355

GO 0.23324

42 0,23066

44 0.24495

WW,506 0.2W674

WW.508 W.2ZOZO

k6 4.4?374

• 8 N.F9496

50 S.10726

52 5.39935

54 5.68060

56 5.97161

50 6,24954

60 6.52329

bZ 6.79547

64 7.06064

66 7.32524

68 7,50760

70 7.&479g

75 8.49179

80 9.12736

05 9.75654

90 10.38065

95 11.00066

100 11.61728

105 12.23110

110 12.84257

its 13.45Z03

1Z0 14.05979

125 14.66506

L30 15.27105

140 16,47779

LSO 17.60L07

160 16.80165

LZO 20.07964

LSO 21.27590

tqO 22.q7066

200 23.66400

220 26,04776

240 28.42820

260 30.60616

200 33,16220

300 35.55674

320 37.93007

340 40.30241

360 k2.57394

300 45.0_400

400 47.4L_10

420 49.78_91

440 52.15430

460 54.52335

400 56.09208

500 59.26055

$20 61.62076

540 63.99267

560 66.36024

580 60.72765

600 71.0959_

650 77.01265

TOO 82.92]78

000 9_,76282

1000 116.42597

2000 236.72489

3000 355.0Z909

bOO0 474.17272

5000 604.37575

. TWO-PHASE OOU_ORY

TwERMOOfNAMIC PROPERTIES OF PARAHYDROGEN

|

ISOTHERM ISOCHORE INTERNAL ENTH_LPY ENTROPY CV CP YELOC]TY

DERIVATIVE OERIVATIVE ENERGY OF SOUND

CU rT-PS[A/LB PSIA/R BTU/LB BTU/LB BTU/LB-R BTU # LB -R FT/SEC

2745,89 74.6609 -132.855 -131.175 1.18863 1.121 1.526 4162

2512.19 7_.6791 -131,342 -129.603 1.24033 1,147 1.595 4102

2397,4k 73.126_ -170.069 -126.309 1.37039 1.200 1.717 3983

ZZZ_,77 71.6058 -174,532 -122.740 1.49325 1,2_0 1.639 5893

2060.75 T0,3627 -120.741 -110.931 1.61641 1.296 1.960 3800

1597.25 69.014_ -116.693 -114.555 1.73996 1.336 2.105 3722

1727.09 67.4699 -112,36! -_10._91 1.86465 1.371 2.256 3626

1558.28 6_.7572 -107.725 -105.470 1,99090 1.401 Z,421 3532

1306,91 63,7840 -102.744 -100.000 2.11963 1.426 2.606 3426

1205.00 61.3801 -97.343 -95.35_ 2.25247 1,445 2.030 3307

1019,62 58.4802 -91.4_3 -69.447 2.30994 1.461 3.107 3166

989,71 57,6451 -89.903 -87.646 2.42600 1.465 3.150 3140

144.18 1,4059 52,365 87.531 6.36094 1.624 3,636 2223

156.95 1.3101 55.533 92*01L 6,48565 1.553 3.434 1260

177,15 1.2077 59.578 9_*463 6.62765 1.567 3.250 1304

194,C8 1.12k7 63.332 105.848 6.75750 1,551 3.122 1345

210.10 1.0552 57.003 111.994 6.87811 1.540 3.026 1383

225._1 0,9957 T0.573 117.975 6.99090 1,532 2,956 1419

240.16 0.9439 7_.067 123.827 7.09739 1.526 2,096 1453

_54,46 0.0901 77.490 129.57_ 7.19024 1.521 2.051 146E

26_.39 0.8573 60.8_2 135.239 7.29426 1.517 2.011 1518

202,01 0,0206 64.219 140,527 7.38588 1.513 Z*?76 IS49

295.35 0.7074 87.519 146.35_ 7.47362 1.509 7,750 1579

306,_0 0.7572 90.709 151,8Z9 T.55765 1,507 _.725 1606

321.40 0.7294 94.033 157,_59 F.63090 1.505 _.705 1636

33_.15 0.703_ 97.254 16_.6_0 7.71704 1.503 2.687 1663

365.40 0.6_79 105.231 175,991 7.90114 1.501 2.651 17Z9

395.93 0.6008 113.126 169.182 8.07141 1.501 2.626 1791

425.09 0.5606 170.970 Z02.269 8.23004 1.50_ 2°609 1850

455.41 0.5257 128. F88 215.288 0.37592 1.509 Z. 599 1906

464.57 0.4951 136.605 Z28.Z71 0.51931 1.510 2.595 1959

513.42 0,4680 144.4h5 =41,249 8.65245 1.531 Z. 597 2009

542.03 0.4439 152,330 _54.249 0.77930 1.547 2.604 2056

570._3 0.4222 160.266 267.300 8.90072 1.567 2.617 2101

598.65 0.4026 168.337 _80.430 9.01745 1.592 2.636 2143

626.71 0,3649 176.509 _93.666 9.13011 1.621 2.659 2102

654.65 0.3606 104.824 307.033 9.23924 1.655 2.686 2220

682.47 0,3537 193.307 320,557 9,34532 1.693 Z.722 2255

737.03 0.3274 210.060 $48.166 9.54988 1.780 2,802 2320

792.07 0°3046 279.370 376.652 9.74636 1.080 Z.097 2379

847.66 0.2051 248.804 W06.139 9.93664 1.989 3.002 2435

902.26 0.2679 269.388 W36.707 10,1_193 2.103 3.112 2487

956.68 0.2527 291,105 _60.393 10,30300 2.218 3.225 2539

1010.96 0.2391 313.931 501.17_ 10.47986 2.331 3.335 2569

1065.13 0._269 337.862 535.050 10.65340 Z.437 $.439 2639

1173,10 0.2059 388.676 605.727 10.99017 Z.623 3.622 2740

1_80.94 0.1865 4_2.751 679.636 11.31144 2.764 3.760 2642

1388,90 0.1739 499.134 755.834 11,61652 2,858 3.853 2945

1k95.85 0,1613 556.981 833.401 11,90612 2.909 3,902 3049

1603._8 0.1505 615,440 _11.F26 12.17416 2.926 3.918 3154

1710,21 0.1410 673,964 )90.027 12.42693 2.917 3.909 3250

1817.25 0.1327 732.123 1067.954 12,66279 2,891 3.882 3362

132_,21 0.1253 759.646 1145.239 12.05374 2.656 3.046 3465

2031.12 0.1186 846.386 1221.734 13.09055 2.614 3.804 3S66

213Y.97 0.1127 902.260 1297.379 13,28464 2.772 3.761 3666

2244,70 0.1073 957.336 1372,182 13,46710 2.731 3.720 376k

2351,55 0.102W 1011.606 1446.197 13.63930 2.693 3.602 3859

2_58,3C 0.09?9 1065.151 1519.482 13.00220 2.659 3.648 3952

2565,01 0.0930 1118.055 1592.125 13.95656 2.629 3.617 4043

2571.70 0.0901 1170.398 1664*204 14.10364 2.604 3.591 4132

2770.37 0.0666 1222.260 1735.799 14.24437 2.501 3.569 4216

2884.07 0.0_34 1273.747 1306.964 14.37873 2.562 3.550 4303

2991._9 0.000_ 1324.774 1077.733 14.50690 2.547 3.535 _365

3090.09 0.0776 1375,508 1940.201 14.63053 2.535 3.522 ,66

3204.60 0.0750 1426.200 2010,627 14,74903 2.524 3.511 44

3471.1_ 0,0693 1551.095 2193.67_ 15.03025 2.506 3.492 -_34

3737.50 0,0643 1676,926 _767.962 15,28890 2.495 3,481 _915

4270.15 0,05E3 1925,_51 15,489 15.753_? Z.487 3.474 52_6

5335.71 0.0_0 2423.204 t0.022 16.52766 Z. 488 3.474 5875

10658.98 0.0225 4969.8_9 !42,426 16.9&840 7*644 3.630 8234

15987,_5 0,0150 7757,745 ]_716.124 20.k8kql 2.935 3.921 9947

21305*44 0,0113 10975,750 14926,92_ 21*BB717 3.669 4.601 1_61

26528.59 0,0090 16072.504 71108.63_ 24,08603 7.076 0.534 12"89

!
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45 _S[A IS3_A_

Tf_,c_OuJ_N_mIC p_Op_pTIES _F p_pA'_YI_gG_N ('-2b

TEMPERATURE DENSITY V(OH/DV} VIDP/Cql -V(DP/DV) (_41_T)IJ THEPHAL VISCOSITY THERMAL DIELFCTRIC PRANDTL
t i _ CONJUCT[JTTY DIFFUSIVIIY CONSTANT NUMBER

DEG. R LBICU FT BTU/LB PSIA-CU FT/BTLP PS!A II_FG. ) _TU/;I-HP-R L31FT-SFC SQ FT/_R

• 25.029 4.8t97_ 270.36 13.831 13231.72

26 W.79110 267.3_ I3.58h I_515,_6

28 _.73307 265.02 12.87_ 1132_.60

30 _.66_83 76_,3_ 12,2_ I03_.66

32 _.6o28a 265.23 11._oo q_c.z1

3_ _.5_20_ 262.32 11.3_ 5598,_7

36 _.456_5 257.3_ 11.c_] 769_.6P

38 _,]751w Z58._R tc.73c _,_LT._q

_ _.082_$ 220.?3 9.BC3 _162._

_6 o.22351 93.13 3._g 3_,53

_8 0.20895 _9._? 3.69_ ]_.Q_

_0 0,191_9 IO5.5_ 3.6q _ 3_._

52 o.18521 111.66 3.6_q 38,_!

5_ 0.175_9 117.62 3._9_ ]9.6?

_6 0.16746 123.48 3.69_ 40.2_

59 0.16001 229.2_ 3._90 _0.??

60 0.15330 13_.q_ 3.8_7 41.t_

62 0.IU720 I_C.52 3.6P_ _.51

64 0.I_183 I_.07 3.684 41.83

66 0.13651 151.5_ 3.6_1 _2.11

60 0.131r9 157.06 3.6?8 42.36

TO 0,127_2 162,52 3.67_ k2.50

?5 0,11776 I?E,.09 3.666 _3,03

80 Q,10_56 189.62 3.653 43.38

85 0.18250 203.20 3.637 _3._E

90 0,09633 21_.91 3.615 _3._7

95 0.0909O 230.88 3.58? 4_.0_

100 0.08608 _4_.21 3.552 _x,.19

105 D.08176 259,_8 3.510 _.32

110 0.07?0? 275.31 3._60 _4.42

115 0.07_3_ 291.30 3._02 _.SO

1_0 0,07112 308.01 3.338 4_,57

125 0.06818 32_._2 3,262 W4.64

130 O.OEEh8 3k_._8 3.192 _,;9

1_0 0.06069 383.26 3.031 _4.70

150 0,05656 42_.23 2.8E7 _.8_

160 0.052_6 _72.62 _.707 &&.B9

170 0.0_980 522.02 2.5_8 4_.q3

180 0.0_?00 5?3.87 2.42_ 4_.97

190 O.OkW_O 627.60 2.3C5 4_,q9

Z00 0.0_226 682.31 2.203 _5.0I

220 0.03839 792.16 2.0_5 4_.0_

_WQ 0.03518 898.66 1.939 h5,06

260 0.032_6 998.70 1.87_ _5,07

280 0.0301_ 109C.3_ 1.8_0 _5,08

300 0.02812 1123._0 1.829 _,09

320 0.02636 I?_q.63 1.83_ k_.09

3_0 0.02_01 1319.30 1.8_q 45.09

360 0.023W3 130_.21 1.872 _.09

SSO 0.02220 1_5.53 1.8Q9 _5.09

_00 0.02109 1504.97 1.927 _5.09

_20 0.02002 1563.15 1.956 _5.09

_0 0.01917 1620.95 1.983 45,09

_60 0.0183_ 167q.12 2.008 _5.02

_80 0,01258 t237.72 2.031 45.09

500 0.01687 1797.22 2.051 _5.08

520 0.0162] t657._ 2.06_ kE.0_

5WO 0.01563 t_18.82 2.083 _S.00

_60 0.01502 1901.w6 2.095 _.08

580 0.01455 20k_.77 2.105 _E.08

600 0.01k0? 2108.99 2.11_ k5.08

650 0,012_0 2272._8 2.129 4_.37

T00 0.01206 2_39.75 2.136 45.07

800 0.01055 2781.93 2.1_ 4_,06

1000 O.OOBW_ 3_77._0 2.1_2 _5,05

2000 0.00_22 7263.79 2.015 _.03

3000 0.00282 1126P.66 1._15 45.02

4000 0.00211 1869_.68 1.462 4_.93

5000 0.00165 41779.25 C.76_ 4_.06

X tO

O.O05_L 0.0_272 1.725 0.00581 1.2521_ 2.2181

_.(?_670 0.0_6_ 1.60_ ).005q_ 1.25063 2.0168

0.006_5?_ 0.050_0 I.W02 _.00619 1.2_736 1.723_

0,036q010 0.0532q 1,2_2 0.00F21 1.2_381 1.5_20

_.027.1_2 0.0S525 t.ll4 O.OOEIO 1.2_00_ 1._270

0.00_32_3 0.0563q 1.008 9.00591 1.23509 1.3556

0.00_/661 0.05?28 0.920 9.00_70 1.23182 1.3041

0.0096_7 0.0q830 0._ 0.0055_ 1.2273% 1.2611

0.0102264 0.05876 0.7?6 0.00526 I._2Z_6 1.2_05

0.0121592 0.05870 O.?lfl 0.00W95 1.21207 1.Z_20

_.0140510 0.0S_17 0.660 0.00_5q 1.21113 1,2660

9.0l_?14 0.0_73_ 0.6N6 0*00_ 1.20_ I*_63_

0.041[_92 0.013_ 0.096 O.01S_I 1.011_9 0.9_34

0.03_87_2 0.013_1 0.09_ 3.017_? 1.010R3 0.9060

0.0326_2 0.0136g 0.102 0.0201q 1.01010 0.8702

0.0_5663 0.01_01 0.t05 0.02289 1.C09_9 0. O_k_

3.02711_9 0.01_? 0.t09 0.02562 t.00097 0.82k0

0.0_512_5 0.01_25 0.112 0.02_3q 1.00851 0.8091

0,0Z3.6_3 g.otst5 0.116 _.03122 1.00811 0.7981

0.0220576 0.01555 0.t19 0.03_09 1.00724 0.785_

3.02083_6 0.01596 0.122 0.03703 1.002_2 0.7763

J,0Ig_ 0.016T7 0.126 0.0_00_ 1.00712 0.7602

0.01_232 0.01679 0.129 0.0_311 1.00605 0.7611

0.0179001 0.01721 0.132 0.0_62_ 1.00660 0.7540

0,0122205 0.01763 0.136 0.0_9_5 1.00638 0.7_92

0.0165317 0.01805 0.13g 0.05273 1.00616 O. Tkkl

0,0t50568 0.01912 0.147 0.06123 1.00569 0.7332

0.013_506 0.02019 0.155 0.07016 1.00530 0.72_2

0.0128_14 0.02127 0.162 0.07952 1.00k96 0.7167

0.011981R 0.0223_ 0.170 0.0892_ 1.00_66 0.7105

0.01123q2 0,0234_ 0,127 0.09937 1.00k39 0.7056

O.OI05Rq7 0.02_53 0.10_ 0.10q76 1.00_16 0.7019

0.0100164 0.02563 0,191 0.12037 1.00395 0,6995

0.0095057 0.02681 0.198 0.13152 1.00376 0.6962

0.00q0_76 0.0200_ 0.205 0.1_310 1.00359 0.6935

0.00_133_ 0.02926 0.212 0.15469 1.003W4 0,6923

0.0002593 0.0304q 0.218 0.16633 1.00329 0.692_

0.007915_ 0.03171 0.225 0.17793 1.00316 0.6939

0.0373117 0.03_15 0.237 0.2007q 1.00293 0.7007

0.006?965 0.03705 0.2k9 0.2261_ 1.00223 0.7020

0.0063512 0.0_022 0.261 0.25301 1.00256 0.7021

0.00_9621 0.0_339 0.273 0.27995 1.002_1 D.70_0

0.0056190 0.051_2 0.307 0.3_19_ 1.00227 0.6085

0.0053136 0.05679 0.326 0.3026_ 1.00215 0.6900

0.0050_05 0.06131 0.3k2 0.42185 1.0020_ 0.691_

3.00_720 0,0691_ 0.368 0._9731 1.00105 0.693_

0.00_1_2 0.07552 0.388 0.570q2 1.00170 0.69_?

0.003_577 0.050_6 0._0_ 0.6k_19 1.00157 0.695_

0.0035?89 0.084_5 0._18 0.?101_ 1.001_6 0.6955

0.00333_0 0.08741 0._31 0.79322 1.00136 0.6952

0,0031078 0.08963 0._2 0._697q 1.00122 0.69_6

0.0029_21 0.09132 0.453 0.9_808 1.00120 0.6939

0.00222_1 0.0926_ 0._6_ 1.02811 1.00113 0.6931

0.Q02531_ 0.09373 O.WTW I. 11001 1.00107 0.6R23

0.0024992 0.09_20 0.48_ 1.19382 1.00102 0.6_1_

0.002_792 0.09561 0._93 1.27956 1.00092 0.6907

0.002371_ 0.09651 0.502 1.36721 1.000q3 0.6899

0.0021223 0.097_6 0.512 |._5677 1.0008_ 0.6693

0.0020916 0.098_ 0.521 1.5_830 1.00005 0.6087

0.091_q_2 0.09q_9 0.530 1.6_18_ 1.00081 0.6801

0.0019212 0.10061 0.530 1.73731 1.000_ 0.6077

0.091_09 0.10122 0.5_? 1.83_65 1.00075 0.6872

0.0012830 0.10]01 0.556 1.93_0_ 1.00023 0.6869

0.00172_J 0.10436 0.565 2.035;6 1.00020 0.606_

0.00166_B 0.1056] 0.973 2.13085 1.0006_ 0.6863

0.0015367 0.10911 0.595 2._0606 1.00063 0.6057

0.001_220 0.11226 0.617 2o6069q 1,00058 0.6853

0.0012_6 0,12036 0,659 3.283_4 1.00051 0.68k8

0.000_990 0.13577 0.7_7 _.6279_ 1.000_1 0.6841

_.000_q92 0.27?2? 1.130 19.00256 1.00020 0.5323

0.000_332 0.39_96 1._7k 35. T09_? 1.0001_ 0.5268

D.000250_ 0.61577 1.790 62.378_] t,00010 0._890

0.00020_ t.63_ 2.106 115.?7629 1.00009 0.3958

TWO-PHASE BOUND_Y
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C- 2b

50 PSIA ISOBAR

TEMPERATURE VDLUqE

OEG. R CU FT/L9

* 25,049 0,20747

26 0.20064

?6 O.ZIIIq

30 0.71404

32 0.21715

34 O.?Z05Z

36 0.22475

30 0,2Z_39

49 0.23105

42 0.23842

4_ 0,?4k66

45,406 0.24978

45.406 3,80695

46 3.90295

48 4,20819

60 _.k9677

52 4.77357

5_ S.04154

56 5.30Z65

55 5,55075

60 5.80935

62 6.05665

64 6.30079

66 6.542??

68 6.78t31

70 7.01839

75 7.60364

80 6.18045

OS 8.75074

90 9,31587

95 9.87685

100 10,43k40

105 10,95012

110 11.54147

115 12.09181

t20 I2.64043

125 13.18756

130 13.73340

140 14.8Z184

150 15.90_75

160 16,98057

170 18.0687_

180 19.1W677

190 20,22113

ZOO 21.29824

Z?O 23.44531

240 25.58911

260 2T.73044

280 ?9.86987

300 32,00?79

3ZO 34.14651

340 36,28074

360 38.415t7

]80 40.54_42

400 4Z.65310

420 44.8163t

440 46.94910

460 4%08154

480 51.21367

SO0 53,34854

520 55.47717

S_O 57.60k93

560 59.7359?

580 61,85_75

bOO 63.99745

650 69.32370

700 74.64937

800 85,29948

1000 106.59679

7000 213.06653

3000 319,53997

4000 426,73003

5000 543.36348

* TW3-RMASE 50_NDR_

TMERMOOTNAMIC PROPERTIES OF PAPAHYOROGEN

ISOTHERM ISOCMORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

3u =T-PS[A/LB PSIAIR 8TU/LB BTUILq BTUILB-R 8TU I LB -R FflSEC

ZTSI.OD 74.7131 -1]Z._9 -130._?_ 1.1888_ 1.171 1.5_6 4165

2623.69 ?_.7174 -131._71 -179.439 1.2_7?0 1,1_T 1.593 4108

2400.87 73.2173 -128.102 -126.147 1.36917 1.200 1,716 3989

?_31.89 71.7731 -174.571 -122.589 1.49191 1.250 1.837 3899

2068,83 70._500 -170.788 -118.777 1.61493 1,295 1,965 3814

1305.70 69,1018 -116.748 -114.706 1.73833 1.336 2.103 37Z8

173_._9 67.5598 -L12.474 -110.349 1.86787 1.371 ?.757 3635

lS6E.EI 65.8517 -107,800 -105,686 1,98888 1._00 2.416 3539

139_.q? 63.8_57 -102.834 -I00,676 2.11734 1.kZS 2.60I 3_36

121_.44 61.5079 -97._54 -95.246 2.24977 1,445 Z.822 3315

1029.61 58.6339 o91.619 -89.354 2.38680 1.461 3.0q0 3176

507._2 56.7130 -87.172 -84._60 Z,48734 1,471 3.298 3070

140.Eq 1.5719 52.345 87.593 6.28776 1,633 3.773 1227

14_.98 1.52_6 53,680 89,816 6.33641 1.618 3.670 lZ_3

166.76 1,3930 57.921 96.853 6.48684 1.585 3._16 1291

184.86 1,2894 61.903 103.537 6.62267 1.564 3.247 1334

201.79 1,2043 65.709 109.906 6.74758 1.550 3.127 1373

Z17.84 1.132_ 69.388 116.066 6.86383 1,541 3,037 1410

233.21 1.0705 72.971 122.066 6.97295 t,533 Z.966 1446

2_8.C3 1,0164 76.478 127.940 7,07601 1,527 2,909 1479

262.4_ 0.9683 79.97? 133.714 7.17388 1,522 Z.862 1512

276.43 0.9255 83.3?0 139.397 7.26705 1.517 Z.822 1543

29C.13 0.8869 86,670 145.006 7,35611 1.513 Z.789 1574

303.57 0.8518 89.982 150.555 7.44147 1.510 2.760 1603

316.78 0.8198 93.265 156.051 7.57351 1,508 ?.736 1632

329.79 0.7904 96.521 161.502 7.6025_ 1.506 2.715 1668

361.60 0.7263 104.571 174.971 7.78838 1.503 ?.67_ 1726

392.60 0.67?6 112.576 188,266 7,96000 1.503 ?.645 1785

422.95 0.6269 120.470 201.440 8.11974 1.505 2.625 1849

_52.81 0.587_ 120._81 Z1_.53] 8.269W2 1.511 2.613 1905

482.75 0.55_ 136.134 ?77.580 8.41050 1,519 2.607 1958

511.36 0.5223 1_4.005 240.6tk 8._4k21 1,532 2.607 2008

5_C.19 0._951 151.918 ?53.663 8.6715_ 1.548 2.613 2056

568.79 0.4708 159.899 266.757 8.79336 1.568 Z. 625 Z100

597.18 0.4488 167.972 279,925 8.91043 1.593 Z.643 Z163

625.41 O._Z&9 176.162 293,196 9.02338 1.627 2.666 7182

653._0 0.4107 184.4q5 306,594 9,13277 1,655 2.694 2220

581.45 0.39_0 192.994 320,147 9.23907 1,691 2,777 2255

737.04 0,3645 210.575 34Y.805 9.44400 1.780 Z.807 2320

79Z.28 0.3392 2?9.058 3r6.333 9.64078 1.880 2.901 Z360

847.74 0.3173 ?48.562 405.856 9.83128 1,989 3,005 2635

901.98 0,?981 269,163 k36,455 10.01675 2.103 3,115 2488

956.54 0,2811 290.894 460,168 10.15799 2,218 3.227 253_

1010.93 0.2659 313,735 500.974 10.37498 ?,331 3,337 2589

1065,20 0,2523 337.675 534.871 10.54871 2.437 3.441 ?640

1173.43 0.2?90 388.513 605,585 10,88558 Z,623 3.623 2740

1281.33 0.2096 4_2.604 679.525 11.20698 _.764 3.762 28_2

1388,98 0.1933 499.001 755.7_R 11.51216 2.858 3.854 79_6

1496.45 0.1793 556._61 83_._|5 11.79984 2,909 3.903 3050

1603,77 0*1673 815.330 911.678 12.06993 Z.926 3.919 3155

1710.96 0.1567 673.863 989,995 12.32275 ?.917 ].909 3259

1818.06 0.1475 732.030 1067,936 12.55865 2._qz 3.883 3363

1925.08 0.1392 789.580 11_5,232 12.77964 2.856 3.846 3466

2032.03 0.13t9 846.306 1221.738 1_.98645 2.814 3.804 3567

2138.93 0.1_52 902.205 1297.393 13.18059 2.777 3.762 3667

2?45.78 0.1192 957.266 137Z.Z04 13.36308 Z. 731 3.7?0 3765

2352.58 0,1138 1011.541 1446.226 13.53529 2.693 3,682 3860

2k59.35 0.1088 1065.089 1519,518 13.698Z1 Z.659 3.648 39S3

2566.09 0.1043 1117.998 t592.167 13,85259 2.629 3.617 _0_4

2572.81 0.1001 1170.344 1664.257 13.99987 2.60W 3.581 4133

Z779.50 0.096? 1772.209 1735.857 14.14041 2,582 3.565 4219

2886.02 0°09?7 1273.701 1807,045 14.27479 2.563 3.550 4304

2992.66 0.0894 I374.731 1877.805 14.40296 2.548 3.535 4386

3099.78 0.0863 1378.547 1948.350 14.52660 2.535 ],52_ 4467

3205.89 0.0834 14_6.169 2015.699 14,64591 2.52k 3.511 45k5

3_72.35 0,0770 1551.861 _193.705 14.92635 2.506 3.492 4735

3738.76 0.0715 1676,896 Z368.048 15.18500 ?.495 3.482 4916

4271.46 0.06?5 1925.827 2715.585 15.64939 2.487 3.474 5257

5336.56 0.0500 7423.1_8 3_10.130 16,42379 2.488 3.474 5875

10660.39 0.0750 _969.844 6942.557 18,86_54 Z.6kk 3°630 8239

15963.68 0,0167 7757.596 10716.103 20.38100 ?.934 3.921 9947

21306.87 _,0175 10967.038 14917,989 21,78086 3,624 4,653 11758

26630.03 0.01C0 15969.590 71000,400 ?3.9583? 6,886 8.319 17195

[



50 PSIA ISDBOR

THERMOOfNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE OEWSITY V(DHIDV)p V(OPIOU) V -V(OP/OV) T

OEG. R LBICU FT 8TU/LB PSIA-CU FTIBTU PSIA

25.0w9 k,81907 270.84 13.820 13259.73

26 4.79306 268.15 13.587 12575.49

20 4,73509 266.4k 12.889 11368,35

30 4.67203 266.00 12.29k 10427.45

32 _.60520 265.00 11.812 9527.39

34 4,53460 262.R6 11._10 8641.72

36 _._59Z9 257.96 11.05_ 7737.26

30 4,37852 251.69 10.7_0 6059.kk

40 4,290_8 243,91 10.4_6 5909,07

42 4.19427 233.71 10.150 5093.70

44 4.00778 221.75 9.818 4208.29

• 45._06 4,00375 213.12 9,5k5 3632,89

• k$._06 0.26268 88.69 3.665 36.94

46 0.25622 90,66 3.677 37.66

46 0.23763 97.18 3.699 39.63

50 0.22230 103,54 3.70? 41.11

52 0.20949 109.77 3,700 42.27

54 0.19035 115.87 3,706 43,21

56 0.1805_ 121.85 3.702 43.98

58 0.17991 127.73 3.694 44*62

60 0.1721w 133.51 3.696 45.17

62 0.16511 139.17 3.695 45.6_

64 0.15871 1_4,70 3,693 46.05

66 0.15255 150.36 3,691 46.40

68 0,1_746 L55.90 3.688 _6,71

70 0.14248 161,42 3.685 46,99

75 0.13152 175,11 3.674 47.56

80 0°12224 188,74 3,661 _7,99

05 0.11420 Z02,41 3.64k 48.33

90 0.%0T34 216,20 3.622 48.61

95 0.10125 230.24 3.594 40.03

100 0.09584 244.62 3.550 49.01

105 0.09100 259.4_ 3.516 49.16

110 0,086_ 274.81 3.465 k9.28

115 0.08270 290.82 3.w07 49,39

120 0.07_t1 307.57 3.3k2 49.48

125 0.07583 325.10 3.277 49.55

130 0.07202 343.48 3.146 49.62

140 0.067_7 302.90 3.035 49.73

150 0.06207 425,90 2.870 _9.81

160 0,05886 472.31 2.710 49,87

170 0.05534 521,7_ 2.561 49.92

180 0.052Z3 573.61 Z.426 49.96

190 0.04945 _27.38 2.307 49,94

200 0,04695 687.12 2.205 50.0I

220 0,04265 792.02 2.OkT 50.05

240 0.03908 098.58 1.9_1 50.07

260 0.03606 998.67 1,875 50.09

260 0.03340 1090,36 1.8k2 50.10

300 0.03124 1[73.87 1,830 50.11

320 0,02929 1249.75 1.835 50.11

340 0.02756 1319.k5 1.850 50.11

360 0.02603 1384,39 1.873 50,11

380 0.02466 1445.7k 1.900 50.11

400 0.02343 1505.20 1.978 50.11

420 0.02231 1563.40 1.957 50.11

4_0 0.02130 1021.?_ 1.90_ 50.11

b60 0.02037 1679.k0 2.009 50.11

480 0.01953 I738.02 2.031 50.11

500 0.01875 1?97.53 2.051 50.10

520 0.01803 1857.97 2.060 50.10

540 0.01736 1919.16 2.083 50.10

560 0.01614 1981.81 2.095 50.10

500 0.01616 Z045.12 2.106 50.10

600 0.01563 2109.35 2.11_ 50.04

650 0.01443 2272.96 2.129 50.09

700 0.01340 2440,13 2.130 50.08

800 0.01177 2782,33 2.144 50.08

1000 0.00_30 3w7_.00 2.1_2 50,06

2000 0.00469 726_.27 2.015 50.03

3000 0.00313 11766.74 1.fl15 50.02

4000 0.00234 10585.04 1.472 49.93

5000 0,0018_ 40768,97 0,789 49,01

• TWO-PHASE BOUMORY

C 2b

(OVIDT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
-" CONOUCTIVITY OIFFU$1VITY CONSTANT NUHBER

1/OEG. o BTU/FT-HR-R LBIFT-SEC SQ FTIHR
X 10 _

0,0056346 0.042_0 1.726 0.00582 1.75225 2.2159

0,0059411 0.04570 1.608 0.0059_ 1.250?_ 2.0182

0,006_405 0.05033 1.k06 0.006_ 1,24747 1.7253

0,0065031 0.05333 1,245 0.00621 1.24393 1.5_k0

0.0073445 0.05529 1.116 0.00611 1,24018 1.4206

0.00?9963 0.0564_ 1.011 0.00592 1.23624 1.3558

0.0007317 0.05734 0.922 0.00571 1.23203 1.30_0

0.0096001 0.05036 0.846 0.00552 1.22753 [.2605

0,0106656 0,0580_ 0,779 0.0052? 1.22266 1.2392

0,0120753 0,05880 0.710 0.00_7 1.21730 1.2400

0,0139330 0.05878 0.662 0.00_61 1.21139 1,7678

0.015473_ 0.05761 0.624 0.00_36 1,206r8 1,7060

0.0425_79 0.01377 0,098 0.013_ 1.01274 0.9684

0,0_04840 0.01379 0.099 0.01_67 1.017_2 0,9_97

0.03515_1 0.01398 0.103 0.01772 1.01152 0.9021

0,031363_ 0.01_25 0.106 0.01974 1.0_077 Q.8690

0,02848Rq 0.01450 0.109 0o02725 1.01015 0.8447

0.02620_7 0.01493 0.113 0.07_7_ 1.0046t 0.025?

0,0?43418 0.01532 0.116 0.02738 1,00913 0.8099

0.0?2?760 0.01571 0.120 0.03001 1.0087t 0.7971

0.0214360 0.01610 0.123 0.03264 1.00833 0.7863

0.020??72 0.01651 0.176 0.035_3 1.00799 0.7769

0.0192603 0,01692 0.130 0.03823 1.00768 0.?687

0.0103581 0.01733 0.133 0.04108 1,00740 0.7616

0.017550_ 0.01775 0.136 0.04349 1.0071_ 0.7553

0,0160217 0.01017 0.13_ 0.0469fi 1.00669 0.7495

0.0152723 0.01922 0.147 0.05k_5 1.00636 0.7375

0,01W0154 0.0ZOZ9 0.155 0.0627] 1.00591 0.7277

0,0129703 0.02136 0.163 0.07119 1,00553 0.?196

0.01708w6 0,022_w 0.170 0.08000 1.00519 0.7129

0.0113723 0.0235? 0.177 0.00911 1.00469 0.?07?

0.0[06577 0.02461 0.18_ 0.098_9 1.00_63 0.703?

0.0100727 0.02570 0.192 0.10807 1.00_0 0,7011

0.0095529 0.02608 0.198 0.1181_ 1.0041_ 0,6975

0.0090874 0.02810 0.205 0.12857 1.00_00 0.6946

0,0006677 0.02932 0.217 0.13903 1.00302 9.6933

0.0082872 0.03055 0.218 0.16953 1.00366 0.6933

0,0079403 0,03177 0,225 0,159_ 1o00352 0.69_7

0.0073304 0.03420 0.737 0*1805_ 1.00326 0.7014

0,0068108 0.03710 0.250 0.203_6 1.00304 0.?025

0,0063623 0.0402? 0.26? 0°2276? 1.00284 0,?025

0,005970_ 0.0k3_k 0.773 0.75144 1°00267 0.7051

0.0056?59 0.05103 0.307 0.30754 1o00257 0,6889

0.005][91 0.05679 0.326 0.3_417 1.00239 0.6904

0.0050450 0,06131 0.342 0.37946 1.00227 0,6917

0.004574_ 0.06915 0.368 0.44741 1.00206 0.6937

0.0041861 0.07551 0.388 0.51370 1.00189 0.6950

0.0030590 0.08056 0.404 0,57969 1,0017_ 0.6956

0,0035798 0.004_5 0.W10 0.64627 1.00162 0.6956

0.0033306 0.08741 0.431 0.71390 1.00151 0.6953

0.0031201 0,08903 0._2 0.78285 1,00141 0.69_8

0.0029427 0.09133 0._$3 0°8533_ 1.00133 0.6940

0.002?782 0.09265 0._6_ 0.925k0 1.00126 0.6932

0.002631_ 0.093?3 0.474 0.99915 1.00119 0.6924

0.0024991 0.09470 0.484 1°07461 1°00113 0.6915

0.0023196 0.09561 0.493 1.151B1 1*00108 0.6407

0.0022711 0.09652 0.502 1.73077 1.00103 0.6900

0,00717Z1 0,09746 0.512 1.31136 1.00098 0.6693

0.0020814 0.09841 0.521 1o39376 1.00094 0.6687

0.0019980 0,09950 0.530 1,k7796 1.00090 0,6807

0.0019210 0.10062 0.539 1.56392 1.00007 0.6877

0.001849? 0.10170 0.54? 1,65156 1.00004 0.60?2

0.0017836 O,t030Z 0.556 1.74105 1.00001 0.6869

0.0017222 0.10_31 0.565 1.8323_ 1.00078 0,6866

0.0016646 0.10564 0,574 t,92547 1.00075 0.6863

0,0015365 0.10512 0.5_5 Z.16597 1,0_070 0,685?

0.001_26_ 0,11277 0.617 2.41797 1,00065 0.6053

0.00124_5 0.12037 0.659 Z.95581 1.00057 0.6848

O.0009qq_ 0.13578 0.?43 _.1661_ 1.000_5 0.66_1

0.0004997 0.Z?727 1,130 16.?7535 1,00023 0,5324

0.0003332 0.39405 1._?_ 3_.18104 1.00015 0.5269

0.0002503 0,61011 1.790 55.95656 1.00011 0,4915

0,00020_0 1.58368 2.105 103,k_6_ 1.0000_ 0.3481

_95
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TEMPERATURE VOLU4_

lEG. R CJ FTfL9

" 25.255 0.20595

26 0,20783

28 0.2103[

30 0.21306

3Z 0.2[60,

3w 0.2192_

36 0.227_

38 0.2Z677

_0 O.?St19

_k O.?wL93

W6 0.2_86_

48 0.255_5

* 52.07? 0.70t90

* 5Z,0Z2 1.8782o

5_ 2,0_31_

56 2.23_C

58 2._0376

60 ?._6397

62 2.71_98

66 3.00_3q

60 3.1W10l

70 3,77561

75 3.60163

00 3.91653

85 _.2?33_

90 _.T1_I_

95 W.SZOI3

100 _.11229

105 5._0136

110 5.68785

115 5.9FZ_t

120 6.25W77

125 6.535?8

130 6.81_W5

I_0 7.3714_

150 7.97392

160 8.4735_

170 9.0209G

180 9.566_

190 10.110_&

200 10.65_87

ZZO 11.73_qz

_0 12.813_5

760 13.8_030

?SO I_.96_?

300 16.0379_

320 17.10997

3_0 18.150_1

360 tg,25095

380 _0.3Z0_3

_00 _1.38935

_20 2Z._$780

_O 23.52_85

_60 2W.59355

k80 25.6609_

500 2_.7780_

_ZO 27.79_9/

5_0 28.8602Z

560 2_.9_657

580 30.99Z76

600 32.058_1

650 3_.723_5

_00 37.3875_

800 _Z.71_

1000 53.36_8

2000 106.60386

_OOO 169,_399_

_000 21_,32905

5000 270.15881

TWS-P4aSE _CJ_SRY

T_£FM?Z_,CMI7 P_9;_TIES CF P_oAHyDOOGEN

I;0_H_OM [SSCH_oF I_TE_,AL _;T_AL_Y ENTROPY CV CP VELOCITY

UEP [VaTI_ q_RJ_TT_= ENF_Gy OF SOUNO

C:J =T-PEi_/LB P_I_/P nT_/L_ BTO/Lq _TU/L_-U BTu / 19 -R FT/SEC

201_.91 _5,0377 -:]3,Z_? -=_.960 1.190_0 1.125 1.52_ _208

2?3?.02 ?_,_" -I]/.'_g -I_?.800 1.23607 1.145 1oS73 _1_3

?_87._? 7_.11_7 -l?_.q?? -I_,537 1.35713 1.197 1.?0_ _0_2

2_11,_? ??.6_GC -]?_._51 -IZi. O06 1,_7878 1.2_6 1.82Z 3956

_IwT,_ 7%.3K/_ -121,235 -ii?.735 1.600W6 1.Z91 1°9_5 _872

lg_.I5 _9.9_? -]17.271 -113,211 1.722W_ 1.332 Z.O?7 3T90

I_2?._B _.w6Sf -IIU.OW_ -lOB.gt& 1.895_q 1.367 Z. 210 3702

1656,_ 66.76G_ -108.$31 -t0_._]1 1.96907 1.397 2.371 I609

1133.P_ 59.9_a: -g?.QOt -_.qZt 2.35680 1.W59 _.972 3Z71

96_.0_ 5_.8]( _ -86._:0 -82.?0_ Z._9_3 1.473 I.2_5 3125

76_,Z0 5K.5055 -_g,lOE -75._0 2°6_077 1.W87 3.631 _8

_1,12 _.%44e -72o_58 -67.61I 2.79866 1._05 _°157 Z7_1

3A7.c_ _3.09_ -_._I? -5_.092 2.90510 1,530 _.187 2_67

o7._t ].5_15 _.9L9 81.77_ 5,67?_6 1. T36 5.938 I?_Z

I_P.!_ 3.3_?I; 5_.212 92.0_6 _.866Z9 1.676 _.789 1303

I_.30 7.?703 59.6Ed 100.98_ 6.0Z89& 1.638 _.208 1355

177.1 _ ?._]_9 6h,51_ 109,327 6.17006 1.612 ].057 1h01

IgT,c? 3.3_30 _9.0]0 116.50_ 6°2969T 1.591 3.617 l_h

Zl?,?_ 2.1902 73._66 173.557 6.h12_5 1.571 3,_k2 lk65

235._ ?,0_:_ 77.307 130.30_ 6.51956 1.5_7 3.311 1523

257,F_ 1.951P _1.?06 136.820 5,61983 1.5_? 3.209 1_58

_6_,?? !.85_7 _.gq2 1_3.t56 5.71_39 1.539 3.128 1_92

78_.23 1.7707 88.688 1_9.34_ 6,80608 1.533 3.862 16Z6

3Z3,31 1.99_2 97.635 16w.3Z9 T.81090 1.52h Z. 9_O 1700

_59.37 I._5_ 106,289 17_._13 7.19789 1.5_0 Z. SY8 1769

393.8C 1.3_ 11_.747 192.95_ 7.36935 1.520 2.801 1833

_27.13 I._5 173.076 _05._5_ 7.528Z_ 1,_3 2.250 169_

_59.56 1.16Z8 131.37] 220.5T9 T.67569 1.531 Z.733 19_0

W91,2_ t.0920 139.536 23_.204 ?.816W7 1.5k1 Z.716 2003

5ZZ.3? 1.8301 147.7_5 ?_?.?63 ?.9_878 1.556 Z,709 Z052

662,92 0.9?5. 155.987 _61.306 8.07&18 1.575 2.209 209_

_3.1_ 0.9_66 16_.28_ 77_.8T2 8.19538 1.599 ?.718 21_3

612.9£ 3._828 177.676 288.w97 8.31136 1.528 Z.733 Z163

8_2. _ 0.8_31 181.1_0 30_.215 8._2335 1.651 Z. 755 277_

571,77 0.8071 189,852 319.056 8.531_1 1.59_ Z.?87 2758

729._ _.7_9 _07, z15 3_._1_ 0.7_055 1.78_ ?.853 ?325

78{.?q 0.6903 _76,_ 373.16_ 8.9_0_6 1.883 2*939 _38_

8_3._ 0.6_? 2_6.:39 _03.0_6 9.13307 1.992 3.038 2_1

_9_.[? 0.60_ 266,_12 _33,955 9.370_Z 2.105 3.1kG Z_q_

96F.45 0.9687 _8.79_ _65,937 9.50320 2,220 3.252 ZSk7

101C-(! r 0.6372 311.7_ r _q�.00n 9,68159 2.333 3.360 Z597

lOE{.?i 0.50_2 3_5._0 533.11_ 9.856kl 2._39 3._62 2668

1176.1] C.ue:] 385.890 60_.190 10.19502 _.676 3.6k0 27W9

t?8_.?P O.w11 _ W_1.1w9 678,_27 10.51771 _,765 _.?T_ ?ST1

:_g_-?" _._885 _97._86 7_.597 10.8238q _.8_g 3.86_ ZqS_

15_Z.79 0.36_2 _55.66_ 532.77] 11.1173k 2.910 3.913 30_9

I_1C.71 0.3_ 61h,Z35 911._1_ 11.3830_ 2.927 3.927 316h

t?Ip.61 0,_1_5 677._56 989.68_ 11.636]? 2.918 3.916 3269

t_ZE.31 _.29_7 7_1,L01 I067.760 lt. SlZ68 2.892 3°889 33T3

1933,_ 0.7791 788.700 11_5.175 12.09_0_ _.856 3.852 3_76

20_1,27 O.Z6_? _5.506 1721.786 12.30112 2.815 3.809 3977

21_,_8 q,7509 gOt.kEO 1_97.6_] 12.h93_7 2.773 3.765 3677

225_.79 0.2389 965,570 13T2._28 1_.67817 2.732 ].72h 372_

2362._ 0.2278 1310.890 1w46.929 12.85095 _.694 3.586 3870

?_Eg.q_ _.Z18_ lO6h._q 1519._5 13.01362 _.660 3.651 3963

257E.c8 0._08_ 1117._ 1597.996 13.15813 _.630 3°620 _05_

2583.9_ _.700_ 1169.e09 166_.737 13.31953 2.609 3.59_ _1_3

Z79C,8_ _.1927 I_21.7C? 1736.389 13._6617 2*_8_ 3.972 _Z29

J_g?,6_ u.185 _ 1_73.Z46 1807,6_ 13.59069 2.563 3.552 _313

300_._ 0.J7_ 13_.301 1_78._6_ 13.71895 ?._8 3.53? _39_

3111,21 0.172/ 1375.1_2 19_9._ 1].8_65 ?._35 3.6_ _TE

3217.qE 0o1660 [92_.785 20[9.47_ 13.96202 2.525 3°_13 _55T

3_8_,72 0.15_0 1_51,52_ _19_.50_ 1_,_258 Z.506 3._9_ _7_

3751.3_ 0.1_3_ 1676,59_ _369.91_ 1_.50133 2._95 3._83 _9_5

_784,_q C.iZ_l 1975,_q 2716.5_6 lh.9698_ 2._88 3._7_ SZ65

9_5C,00 O.lOCO 2h23.026 3_11.210 15.7_037 _,_85 3._75 5883

1057_.=1 0.0S_ _969.796 69_3._10 18.181_6 Z.64_ 3.630 82_0

16997,_ 0.0_3_ 7756,780 10716.583 19,697_5 2.930 3.916 9953

21_LI,/_ _.C?_ 10919._66 1_870.132 Z1.0_3! 3._85 _.501 11295

766_.36 C.O?_C 15_17,27X 23_[w._3_ 23,1W58_ 5.856 ?.1_0 12269

L

|



100 PSIA I$3BAR

T_E_MO]_NAMIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE DENSITY V(DH/DV) V(OP/OU) V -VIOP/OV) T

)EG, R LB/CU FT BTU/L8 PSIA-CU FTIBTU PSIA

• 25.255 4.832[3 276.90 13.804 1362E,18

26 ;,81157 27(,tt 13.616 13169,37

28 _.75497 27].59 13.019 11010.50

30 W.69356 ZTZ.13 12.416 10849.79

32 4,67872 771.34 11.928 9941,71

34 4.56023 _65.]7 11.570 9066.40

36 _._875J 265.00 11.163 8180.59

38 _.40968 _59,32 10.84_ 730_.57

;0 _.32550 251./1 10.5_5 6;1;.79

42 _,23_01 742,_3 10.259 5549.29

_4 h.133h4 737.23 9.9_6 ;606°68

;6 4.02129 219,_0 9.593 383E,52

48 3.89365 20_.90 9.t56 2991.11

50 3.74335 188.19 8.b10 Z197.79

52 3.55511 167.36 7.950 1421,81

52.077 3.5_733 16_.81 7,92? 137_.7T

• §2.072 0,$46_? 08.73 3.751 53.22

53 0.489W5 97.17 3.770 62.73

56 0._47_8 105.00 3.775 69.13

58 0.41601 112.29 3.776 73.71

60 0.39002 119.19 3.775 77.31

6Z 0.3_819 IZS.EO 3.785 79,98

64 0.349_0 132.04 3.789 82.Z4

66 0.33296 138.31 3.790 8_.1Z

68 0.31037 144.40 3.787 85.71

70 0.305_9 150.58 3.783 87.08

75 0,2776_ 16_.$7 3.767 89.77

80 0.21533 180.78 3.747 91.7_

85 0.23678 19_.85 3.724 93.Z4

90 0,Z2104 ZOq.41 3.696 9_,31

95 0.Z07_6 2Z_.09 3.667 95.34

100 0.19561 739.01 3.627 96.09

109 0.18513 75_.28 3.975 9_.70

110 0.17581 E70.03 3.521 97.21

115 0.16743 Z86.37 3.460 97.63

120 0.19988 303.39 3.392 97.99

125 0,15300 371.17 3.318 98,30

130 0.14673 339.75 3.240 90.56

140 0.13566 _75.52 3.07_ 98.96

150 0.1Z620 322.80 2.905 99.Z9

160 0.11801 ;69,_5 2.7;1 99.54

170 0.11085 519.11 2.500 99.73

180 0.10453 571.20 2.;51 95.80

190 0.09851 6Z5.35 2.3Z8 99,99

200 0.09307 _80.3; 2,22; 100.09

ZZO 0.08S_2 ?90.77 Z.063 IOO.ZZ

ZkO 0.07804 897.87 1.954 100.31

260 0.07199 998._5 1.887 100.37

ZBO 0.0669_ 1090.68 1.852 100,41

300 0.06Z35 117_.66 1.830 100.43

320 0.058W5 1250.9_ 1.834 100o45

340 0.05500 13_1.C1 1.859 100.;5

360 0.05195 1386.76 1.881 100,46

380 0.049Z1 1447.88 1.908 100,45

400 0,0_575 1507.57 1.936 100.4S

4Z0 0.0k_3 1565.97 1.96_ 100.45

440 0.04251 16_3.96 1.991 100.44

460 0,04066 158Z.30 Z.015 100.33

480 0.03097 1741.05 2.038 100.4_

500 0,03731 1000,68 2.057 100.42

_EO 0.03998 1861,23 2.074 100.41

$40 0,033_5 1_2_.57 2.089 100.40

560 0.033_2 1985.30 2.101 100.39

580 O.03ZZ7 _048.68 2.111 100.39

500 0.03219 211Z.97 2.119 100,30

850 0.07800 2776.71 2.13; 100.36

700 0,0_75 744_.00 2,1q_ 100.34

600 0,073kl 2706,37 _.140 100,30

1000 0,01_74 3_8_.26 2.145 100._5

2000 0.00938 7_69.C3 2.016 100.13

3000 0.00676 11750.71 1.619 100.09

4000 0.004_9 17993.65 1.530 99.95

5000 0.00370 35Z60._5 0*923 98.62

TWO-PHASE BOU_ORY

C-2b

(OV/OT_V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCTI@ITY OIFFUSIVITY CONSTANT NUNBE;

I/OEG. R 8TU/FT-HR-R LB/FT*_EC SO FT/HR
X 10

0.0059065 0.0;362 1.741 0.00592 1.25Z9; 2,1907

0.0055980 0,0_580 1.647 0.00606 1.2517_ Z.0333

0.0062751 0.05060 1.439 0.006Z4 1,24859 1.74_7

_.00669_ 0.05368 1.ZT4 0.006Z_ I._4514 1,5569

0.00717_1 0.0557_ 1.143 0.00619 1._4150 1.4367

0.0077161 0.05695 1.035 0.00601 1.23767 1.3588

0.0003650 0.05752 0.9_S 0.00582 1.23360 1.3019

0,00914?3 0.05904 0.867 0.00565 1.279_6 t. Z53_

0.0101173 0.05960 0.799 0.005_1 1.23_50 1.7281

0.0112890 0.05968 0.?30 0.0051_ 1.21950 1._201

0.0127988 0.05931 0.60Z 0.00483 1.21393 1.2307

0.013809_ 0.05847 0.630 0.004_7 1.20776 1.Z6Z6

0.0171210 0.05715 0.580 0.0040_ 1.20074 1,3266

0.0_20879 0.05527 0.530 0.00355 1.19257 1.3356

0.0303955 0.0526_ 0.478 0.00291 1.18_77 1.6635

0,031_015 0.05_50 0.476 0.00_05 1.18185 1.6938

0.0669717 0.01903 0.120 0.00506 1.02665 1.3461

0.0_9Z6A3 0.01807 0.121 0.00771 1.0238_ 1.1592

0.030075_ 0.01785 0,12_ 0.00947 1.02179 1.0_08

0.03434?4 0.01788 0.1Z6 0.0111_ 1.0Z02_ 0.9620

0.030]448 0.01802 0.129 0.01278 1.01895 0.9337

0.0_7304_ 0.010Z_ 0,132 0.014;0 1.01788 0.8975

0.0250737 0.01851 0.135 0.01600 1.01697 0.8699

0.0232033 0.01881 0.138 0.01760 1.01616 0.0480

0.0216508 0.01913 0.141 0.01921 1.01545 0.8302

0.0_03346 0.01947 0.143 0.02083 1.@1481 0.8153

0.0177_93 0.02036 0.192 0.02496 1.01336 0. F069

0.0158545 0.02133 0.159 3.02923 1.01238 0.7665

0.0143737 0,0Z232 0.166 0.03366 1.01147 0.7509

0.0131816 0,07333 0.173 0.03824 1,01071 0.7387

0.01Z1965 0.02435 0.181 0.04_95 1.01005 0.7293

0.0113646 0,02539 0.187 0.04775 1.00947 0.7219

0,0106577 0.02644 0.194 0.05Z73 1.00896 0,7167

0.0100341 0.02759 0.Z01 0.05791 1.00051 0.7110

0.0094907 0.02876 0.206 0.06323 1.00810 0.7063

0.0090086 0.02997 0.714 0.06059 1.0077_ 0.7034

0,0005?74 0.03117 0.2Zt 0.07395 1,00740 0.70_

0.0001891 0.03_37 0.2_7 0.07930 1.00710 0.7025

0.0075163 0.0347Z 0.Z39 0.0897x 1.00656 0.708Z

0.0069574 0.03760 0.35? 0.10137 1,00610 0.7079

0.0063718 O.O;OTS 0.263 0.11365 1.00571 0.7068

0.0060566 0.04390 0.275 0.12595 1.00536 0.7086

0.0056935 0,0519; 0.308 0.15276 1.00505 0.6933

0.00537_7 0.05685 0.326 0.17107 1.00478 0.69;4

0,0050080 0.06133 0.]47 0.16876 1,00454 0.695_

0.00460_9 0.06914 0.368 0.2_91 1.00417 0.6566

0.003_045 0.07550 0.387 0.25627 1.00377 0.6974

0.0039710 0.08055 0.404 0.289_ 1.003_8 0.6976

0,0035875 0.08;45 0.410 0.37297 1.003Z3 0.6974

0.0033434 0.087_2 0.431 0.35698 1*00301 0.6965

0,0031300 0.08965 0,343 0.39164 1.00_87 0.6961

0.0029440 0.0913S 0.45; 0.42706 1.00266 0.6952

0.0027784 0.05269 0.464 0.56376 1.00751 0.6942

0.0026307 0.09370 0.474 0,$0030 1.00_38 0.6933

0,0034991 0.09476 0.404 0.53818 1,00276 0.6923

0.007370_ 0,09560 0,493 0.57693 1,00E15 0,6914

0.0022695 0.09659 0,503 0*61654 1.00205 0*6906

0.0071703 0.09754 0,51_ 0.6_700 1.00156 Q.6858

0.00_0795 0.09853 0,5Zl 0.69834 1.00188 0.589Z

0.0019960 0.09958 0.530 0.?;05? 1.00181 0.6686

0,0019150 0.10070 0.539 0,78369 1.00174 0.6881

0.0010476 0,10187 0.$40 0.02767 1.00167 0.6875

0.0017015 0.10312 0.957 0.07255 L.00161 0.6672

0,0017200 0,10441 0.565 0,91833 1.00156 0.6868

0,00166_6 0,1057_ 0.574 0.96459 1.00151 0.6665

0,0015346 0.105_3 0,556 1.08555 1.00139 0.5859

0,0014350 0.11289 0.617 1.71191 L*00129 0.6054

0.001_470 0.12051 0.660 1.48148 1.00113 0.60_8

0,0009978 0.13595 0.744 Z.08804 1,00090 0,6841

0*0004994 O.E77Z7 1,131 8.1;_91 1,00045 0.533Z

0.0003330 0.35415 1,477 16.08715 1.00030 0,5201

0,0002501 0.57943 1.T93 _7.;6301 1.000_3 0.501;

0.000_0_8 1,3045Z 2,103 _9,28779 1.00018 0.4149

3_!7
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C-2b

150 PSI_ ISOBAR

TEMPERATURE VOLUME

)EG. R CU FTILB

" 25._60 O.ZOb_4

26 O.ZO?06

20 O.ZOqW6

30 0.21212

3E 0.21_99

3_ 0.21011

36 O.ZZISZ

30 0.22528

_2 0.2];1;

;; 0,239_6

46 0.2_563

68 0.25290

50 0.26123

52 0.22292

5_ 0.28058

56 0.31651

• 56,665 0.]Z917

" 5_.6;5 1,05663

58 1.73_00

60 1.61189

62 1.55532

61 1.60216

66 1.7991k

60 1.90933

70 2.01_19

75 2.26063

00 Z.;0190

85 2.71305

90 Z.92696

95 3.13541

100 3,33_58

I05 3.5_037

110 3.738_3

115 3.9312]

120 ;.12011

125 k,320_k

130 _.51137

I_0 ;.08981

150 5.26;67

160 5.6]660

170 6,006k2

100 6.3?;33

190 6.7_053

200 7.1055_

ZZO 7.832_8

260 8.55621

260 9.??760

280 9.99712

300 10.71518

3Z0 11.63208

3kO 12.1_S03

360 12.86320

380 13.52721

;00 1_.29168

;ZO 15.00518

_60 15.718Z8

k60 16._310k

;80 17.1_350

500 17.85571

520 10.56760

560 19.21625

560 19.99023

560 20,?0153

600 Z1.61269

650 23.19012

TO0 2k.96698

000 26.51951

1000 35.62171

ZOO0 71.1162_

3000 106.60710

4000 112.23130

5000 179.68286

• TWO-PeASE B03MORY

THEGMOOVNAMIC 9POPF_TTE$ OF P_Y_ROG_N

150THERM ISOCHI INTERNAL ENTHALPY ENTROaY CV CP VELOCITY

DERIVATIVE DERIVJI_V_ ENERGY OF SOUNO

CU =T-PSIAII_ PSIA/R BTUIL8 BTU/L_ BTJILB-R gTU / LB -R FTISEC

2573.16 75.3173 -L32.731 -126.997 1.19221 1.12_ 1.526 62_2

20_7.61 ?5,3586 -111.912 -126.161 1.22526 1,I16 1.555 1232

2566.13 74.0807 -175. F36 "1_?.01_ 1.3_538 .105 1.696 _103

2388._? 73._590 -125.311 -119.419 1.46605 ,.?63 1.808 _011

2223.78 ??.1226 -121.657 -115.685 1.58651 1.28_ 1.029 ]�ZB

2067.Z6 70.777; -117.76] -111,?05 1.70711 1.328 2.05; IB_O

1902.30 60.3201 13.b10 -107.465 1.02930 1.363 Z.18g ]762

1r39.95 67.669q .,_g,206 -102.9k7 1.95012 I.]93 2.33] ]67k

1_72.31 65.818] -10_.199 -g_,126 Z.07105 1._19 Z.q93 357_

1198.88 6_.69_8 -99._58 -92._5_ 2.20019 1._60 2.676 3471

1230.16 6: '107 -9_.055 -87._03 2.32929 1.157 2. R80 3356

1055.29 5_.&039 -50.231 -81.;0_ Z.16251 1.67l _.27 3Z23

882.29 56.8858 -81._6 -7;,8?? _.60157 1.68_ 3. '5 3072

706.3_ 50.915_ -?_.922 -67.65? 2.?_8H9 1._q9 3._27 2090

535.29 _6._872 -67.061 -59,q?q _.90917 1.516 _.k01 2683

36C.91 _1.0116 -52.753 -_g,737 3.09256 1.5_1 5._21 2626

180.99 33.9801 -_5._23 ~36.236 3.32900 1.585 0, l]0 20?;

117.02 30.8309 -39.908 -30.765 3.63500 1.615 10.867 1908

_3.89 _.7216 ]6.018 65.]62 5.13295 .010 13.97_ 1220

81.39 5.5875 _5.126 7_._?_ 5.378]7 :.006 ?.926 1290

119.30 _.6505 53.588 97,_0; 5.6053; 1.721 5,732 1357

1;9.00 ;.1195 60.060 10].261 5.?2655 1.659 W.827 1_17

17h.62 3,7622 65.6_1 112.351 5.92119 1.620 6.]10 1662

t97.f? 3,W526 7D,662 120.620 6.068_5 1.596 ].980 1512

218.95 _.2187 ?5.303 128.337 6.16366 1.577 ].7_9 1553

238.89 3.02;0 7q.709 135.655 6.26972 1.566 3,577 1591

28_.66 2.6480 _9.977 152.768 6.50597 1.566 ].296 1626

326.36 2o3711 99.563 168.??_ 6.21267 1.537 3.122 1752

365.36 2.1558 108.729 1_.086 6.89832 1.53_ ].000 1822

;02.37 1.981_ 117.619 19_.9t_ 7.06709 1.536 Z.929 1885

_37.88 1,8165 126.328 Z1].41_ 7.22689 1.512 2.87_ 19_5

_72.1_ 1.7136 136.037 227.698 7.]7118 1.551 2.835 2000

505.53 1.6029 1_3.;71 2;1.008 7.50889 1.565 2.811 Z051

538.11 1.5159 151.991 ?55,829 7.63936 1.553 _.799 zoq9

5?0.0; 1.436_ 160.5_7 269.011 ?.26362 1.606 2.296 21_6

601.;_ 1.3627 169.1;7 783.810 ?.88200 1.63; 2.803 2166

532.37 1.2981 177.8_3 297.85? 7.9q7;9 1.666 2.817 2226

662.92 1.2397 186.687 ]11.995 8.10838 1.703 Z.839 2253

723.03 1.13BW 201.8_5 360.665 8.32082 1.788 2.899 2331

702.09 1.053] 223.809 ]70.060 8.52365 1.886 2.979 2392

0;0.3; 0.980? 2_3.71_ 100,282 8.?1860 1.99W ].072 2k_9

897.92 0.9178 266.666 W31.500 8.90702 2.107 3.173 2503

951.98 0.0620 286.699 663.75? 9.09211 2.222 3.277 Z555

t011.51 0.0119 ]09.0;5 _97.070 9.27191 2.336 3.382 2605

1062.72 0.??02 ]34.031 531.396 9.k_783 2._k2 3.;82 2656

1179.22 0.6970 385.277 602._32 9.78815 ?.627 3.656 2758

1289.80 0.6366 139.70_ -??.362 10.11213 2.767 3.788 2860

1399,67 0.5857 196.]01 '5_.075 10.11927 2.861 3.676 2966

1509.00 0.5_26 55W.627 832.157 10.?0868 2.911 ].922 3069

1517.90 0.5055 61].1;9 910.773 10.979_0 2.928 ].935 3174

1726.16 0._?]2 671.858 989.]95 11.2336! Z.919 ).926 3279

1036.75 0*+_;8 730.180 1067.603 11.17032 2*093 ].095 3303

19kZ,00 0._196 787.016 1145.134 11.69190 2.0_7 3.857 3486

2050.66 0,3972 866.71k 1221.0_7 11.89937 2,816 3.814 3587

2158.35 0.]771 900.722 129?.607 12.09396 2.?7W 3.770 3687

Z265,92 0.3509 955.881 1372.56_ 1Z.27686 2.733 3.726 3784

2]73.36 0.362_ 1010.2_5 1_6.535 12.66961 Z*695 3.68q 3880

2_00.70 0.3276 1063.876 1520.262 12.6126] 2.661 ].65; 3923

2587,96 0.3136 1116.056 1593.033 12.26727 2.631 3.6_] _064

2595.13 0.3010 1169.271 1665.210 12.91120 2.605 3.597 ;t52

2802.25 0.2893 1221.19_ 1736.933 13.05552 2.58] 3.576 6239

Z909.33 0.Z785 1272.796 lq08.781 13.19019 2.56W ]._5; _323

3016.30 0.2685 1323.B25 1_70.123 1].31852 2.5_ 1.539 _05

3123.22 0.Z592 132_.719 19_9.76] 13.6_228 2,536 ].925 4_8_

3230.09 0.Z505 14_5._06 202_.16_ 1].56121 Z.525 3.515 _561

3_97.15 0.2311 15_1.190 2195.317 13.81239 2,506 3,695 6?53

376k.03 0.21_6 1676.303 ?_69.78_ 16.10123 Z.196 3.186 k934

_297.;5 0.1877 I925.35] 2717.509 16,565_6 2._8_ 3._75 52?6

5363.65 0.1501 2W22.865 3_12.291 15.36051 2._88 ].675 5891

10608._1 0.0750 ;969.7_9 _9k5.069 I?.7_196 2.6;h ]*6]0 026_

16012,18 0.0500 7756._06 10717.513 I _ 'q763 2.92_ 3.916 9958

21335.68 0.0375 10"_0.q_? 14_69.665 2: _?_ 3,62_ _,_3k 11315

2665_.70 0.0300 1_5.2_0 23156.099 2 '_g3 5.]9_ 6*633 I231_

m,
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IPEPMOgYNAMIC PROPEPTIES OF PAP_N¥0ROGEN

IS0 PSIA ISO�AR

TEM}ERAIURE DENSIIY V{DHIOV)I_ _(DP/DU)\ -V(_PlOV) T (_VIOT_/V THERMAL VISCOSITY THFRHAL DIEL_CTPIC PRANOTL
• CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBEP

DEG. R LBICU FT BTU/L6 PSIA-CU FTIBTU PSIA IIDEG. R nTUIrT-HR-R L_ICT-SEC SQ FT/_R
x i0 _

• 25. W60 W.SWW1[ 281.82

26 W.82960 281.82

28 4.77W20 2?6.58

30 W,/1W39 2T7.18

32 _.65133 2?6.62

3_ W,58_75 275.06 11.623

36 _.51_Z0 _71.24 11.265

38 _._3900 266.2fl 10.9_2

_0 _.358_0 259.61 1fl.6_1

_2 W.27090 _51.05 10.357

kw W.17S76 2_I.72 10.0S9

k6 _.07109 230._0 q.735

_e 3.95406 217.70 9.359

50 3.820_7 Z02.SZ 0._92

52 3.66]_3 186.03 8.3_0

51 3.W6526 16S.32 ?.6_2

56 3.1792h 137.68 6.7W1

4 56.6W5 3.03790 125.07 _.285

• 56.6_5 0._6W0 86.33 3.720

58 0.80985 9_.9_ 3.786

60 0.T0827 10_.23 3.81_

62 0,6_2_6 112.13 3.863

6_ 0.59_0 119.5_ 3.087

66 0.555?6 LZE.E$ 3.897

68 0.523TW 133._5 3.898

?0 0._96_8 1_0.29 3.89_

?5 0._235 t56._3 3.8?3

80 0.40130 122._ 3.8_

05 0.36859 187.91 3.812

90 0.31165 203.22 3,776

95 0.3189_ 218.53 3.735

100 0.299_k 233,9T 3.689

105 0.202W6 _9.66 3.637

110 0.267W9 _65.76 3.580

115 0.21W18 282.h0 3.515

120 0.2_22_ 299.68 3._3

125 0.231_6 317.67 3.3_6

130 0.22166 ]36._5 3.205

t_O 0.20_1 322.53 3.11_

150 0.10995 _ZC._7 2.9_0

160 0,122_1 _66.9_ 2.772

[?0 0.166_q 512.00 2.616

180 0.E5688 569.11 2._75

190 0.1_836 623.E2 2.3_9

200 0.1_074 52_._ 2.2_3

220 0.12tb? 289.26 2.078

2_0 0.E1682 597.3? 1.96_

260 0.[07r9 998.50 1,099

200 0.10003 1091.17 1.8_3

300 0.09333 1172._ 1.850

320 0.08?47 125_.27 1.853

3_0 C.08232 1322.E8 1.867

360 0.077?_ 138P.22 1._89

3_0 0.0?355 I_5C.10 1.915

_00 0.0699? 1510.01 1.9_3

_20 0.0665_ 1568.61 1.971

_0 0.06362 1626.76 t.997

660 0.06066 1685.25 2.022

_80 0.05833 I?_.12 2.0kk

500 0.05600 1803.87 2.063

520 0.05386 [866.52 2.080

540 0.05167 1926,e3 2.09_

560 0.05002 1980.83 2.106

580 0.0_831 _052.27 2.116

600 0.0_670 ZII6.E2 2.12_

650 0.0_312 27_0._9 2.138

TOO 0.0k005 2_7.n0 2.1_7

800 0.03506 2790,_2 2.151

1000 0.02807 34_E.[2 2.1_B

_000 0.01_06 7_73.79 2.017

3000 0.00938 11756.05 1.821

4000 0.00703 17r36.63 1.558

5000 0.005_? 3_80_.?7 0.999

13.780 1]917.91 O.005W[_l 0.0_442

13.61_ 13751.99 0.005473_ 0.04606

13.1_0 12243.31 0.0061_2 0.05087

12.c31 11260.65 0.00652_5 0.01_02

12.037 103_3.53 0.006g727 0.05614

9_77._7 0.007_677 0.0_743

&587.72 0.00_0720 0.058_8

772_.62 0.0_0761_ 0.05967

6852.78 0.00960_& 0.0603_

597_._7 0.0106610 0.06052

513_.78 0.011_161 0.0602?

4296.20 0.0135_10 0.05g59

3488.63 0.0t5732_ 0.05848

2698.69 0.0108667 0.05692

[960.98 0.0236551 0.05_03

1250.66 0.03279[9 0.05196

575._2 0.059052? 0.0_953

355._9 0.086?283 0.05026

_1.53 0.1619336 0.03060

6S.91 0.08_0159 0.02_28

8_,50 0.0550_05 0.02203

95.00 0.0430009 0.02%27

103.?9 0.0360555 0.02100

109.86 0.0114259 0.02095

11_.6T 0.02806gl 0.02103

118.60 0.025_968 0.02120

125.91 0.0210310 0.02180

130.92 0.018106_ 0.02256

13_.67 0.01600_3 0.023_1

132._7 0.01_111 0.02_]2

139.66 0.0131505 0.02526

1WI.39 0.0121105 0.0262_

142.79 0.011260_ 0.02723

1_3.9_ 0.010531_ 0.02833

1_.89 0.009902W 0.029W9

145.69 0.0_93512 0.03065

1_E.37 0.00_368_ 0.031_2

1_6.9_ 0.005_367 0.03299

1_7.86 0.002599I 0.035_6

IW8.55 0.0070906 0.03812

1W9.00 0.0065779 0.0412_

1_q._9 0.006139_ 0.0_37

1_g._2 0.005T590 0.05205

150.06 0.005_239 0.05692

150.27 O.O05E?_ 0.061_8

150.56 0.00_6292 0.06915

150.7k 0.0042_E7 0.075_9

150.87 0.0030022 0.08055

150.9_ 0.00359_6 0.08q_5

150.99 0.0033_77 0.082_3

151.02 0.0031331 0.0596?

151.03 0.0029_50 0.09138

1_1.0_ 0.0_2T?_5 0.0g273

151.03 0.0026300 0.09383

151.02 0.0024969 0.0g_81

151.01 0.002_767 0.0957_

150.99 0.00226?? 0.09666

150.98 0.002168k 0.09761

150.96 0.0020?75 0.0g861

150.9_ 0.0019939 0.0996?

150.92 0.0013169 0.1007q

150.91 0.001_ 0.10196

150.89 0.0017793 0.103_1

150.82 0.0012178 0.t0451

150.85 0.0016605 0.10_5

150.80 0.00153_7 O.tOg3_

150.76 0.00t_232 0.11301

150.68 0.001215_ 0.1206_

150.57 0.0009g67 0.[3612

150.]0 0.000_990 0.2?727

150.20 0.0003329 0.393_

150.00 0.0002S00 0.56_83

I_8.37 0.00020_2 1.17970

_.755 0.00_01 1.25361 2.1703

l.Efl? O. Og_IT 1.25229 2.0503

1._73 3.00629 1.2q96_ 1.765_

1.304 0.00_4 1.2_631 1.570q

1.160 0.0022_ 1.2h277 l._hsg

1.059 0o006]_ 1.23904 1._32

0.967 0.005_? 1.23S09 1.3028

0._8 0.00_7_ 1.73_93 1.24_

0._Iq OoO0_q_ 1.226_I 1.2183

0.757 0.00_? Q 1.22159 1.2060

0.702 0.00_01 1.2_2_ 1.202_

0.650 _.0066_ 1.2105P 1.2283

0.602 0.00_3 1.2040_ 1.2682

0.55W 0.0038_ 1.19675 1.3k12

0.507 0.003h] 1.18816 1._6_3

0,456 0°0027? 1.177_1 1.71W4

0.397 0o0019C 1.1619_ Z.3h37

0.371 3.0015_ 1.1544_ 2.8851

0.14_ 0.00_11 E.Oq_3 2.q339

0.192 0.0037_ 1.0396_ 1.6050

O.lhJ 0.00S_7 1.03_61 1.3232

0.142 0.00686 1.03138 1.1578

0.1_3 0.0082_ 1.02899 1.0601

0.146 0.00067 1.0270 _ 0.9950

0.I_8 0.01071 1.02SSl 0.9_82

0.[50 0.01193 1.02417 0.9127

0.157 0.01_9_ 1.02151 0.852?

0.163 0.01807 1.01950 0.81_6

0.170 0.02111 1.01790 0.?8?9

O.t?? 0.02_30 1.01659 0.7682

0.18_ 0.0??5;, 1.015_ 0.?533

0.[91 0.0_09_ [.01_53 0.?_10

0.197 0.03_30 1.Ct3TO 0,733_

0.204 0.03785 1.01292 0.7252

0.210 0.041_ 1,0[_32 0,718_

0,217 0.0_13 1.0117_ 0.7139

0.223 0.0_8Tq 1.01122 0.711_

0.229 0.052_ t.0107_ 0.7105

0,Z_2 0.059,_ 1.C0990 0.2151

0.25_ 0.067_7 1.COg_O 0.7133

0.26_ 0o0756_ 1oC0859 0.7111

0.277 0.08399 1.00806 0.7120

0.308 0.1012_ 1.00759 0.69F6

0.]26 3.113_3 1,00T1_ 0.6983

0.3w? _.I?S?G 1.00681 0.6988

0.367 0.1_81_ 1,00618 0.6995

0.3_? 0.170S1 1,0056S 0.69_0

0._0_ 0.1927_ 1.00521 0.6997

0._18 0.21525 [.00_8_ 0.69_2

0..31 0._3_0_ 1.00_51 0.698_

0._3 0.20127 1.00_23 0.697_

0._5_ Q.28500 1.0039_ 0.696_

O.wE_ 0.309P_ [.00376 0.6953

0._7_ 0.1340_. [.00356 0.69_1

0._8_ 0.359_ 1.0033_ 0.6931

0.49_ 0.38533 1.00322 0.6921

0._03 0._1181 1.00302 0.6912

0.512 0.63_9 1.0029_ 0.690_

D.521 0._665_ 1.00282 0.6896

0.$30 0,_q_79 1.00221 0.6890

0.539 0.$2367 1.00260 0.688_

C.5_8 J.SS_O:, 1.0025_ 0.6879

0.55? 0.5830_ 1.002W2 0.687_

0.566 3.613K_ 1.0023_ 0.68?0

0.57W 0.6_', 1.00226 0.6867

O.Sq6 0.72S_? 1.C020_ 0.6@60

0.618 g.8099n [.00193 0.6855

0.660 0.99009 1.00169 0,68_q

0.7_ 1.39r3_ t.00136 0.68_I

1.133 5.43210 1.0006_ 0,53_0

1._?g lg.72639 1.000_S 0.$2g2

1.796 18o15217 1.0003_ 0.5066

_.19_ II,9_q _? 1-00027 0,4258
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C-2b

[87.510 _SIA I$3B"R

TEM)ERATURE VOLUqE

3EG. R CU eTPLB

ZS,BIZ 0.20606

26 0.206W9

28 0.20885

30 O,ZllkO

32 O.ZlkIl

3; 0.21125

36 0.22058

38 0.22_21

;0 O.ZZOZ2

_Z 0,23271

kW O,23TTg

k6 0.Z_358

k8 0,2S0];

50 0,Z_835

52 0.26873

5; 0.2811k

56 0,Z9956

58 0,3376_

59.357 0.501;;

59.351 0.5121B

60 0.81313

62 1.03_57

6_ 1. 1192;

68 L.29T93

68 1,;0337

?0 1.50030

55 1.72015

80 1.92035

85 2.108_;

9O 2.288ET

95 2.;6209

100 2.63176

105 7.79686

110 2,95958

115 3.11999

120 3.7T0k0

125 3,435Z0

130 3.59060

lkO 3.89596

150 ;.2016?

160 k.50253

170 _.8011k

L80 5.09193

190 5.39299

200 5.68589

220 6.Z516;

2;0 6.0557;

260 ?.;37;8

260 6.00990

300 8,58588

320 9,16071

3;0 9.73k60

360 10.30572

300 10.88020

_00 11.k5213

;20 12.07361

k;O 12.59k69

;60 13,165;3

_00 13.93560

500 lk.30607

520 1;,8?603

5;0 15.;_555

560 16.01;91

580 16,58_21

_00 15,15338

650 |6.575_3

100 19.99172

800 22°0_037

1000 28.52267

2000 56.91813

3000 85.309_5

_000 113.T988_

5000 1_3.59035

• TWO-PHASE BOUNDRY

TPEPHO3YNAHIC PPOPERTIES OF PARAHYOROGEN

ISOTHERM ISOCHORE INTERNAL ENTMALPY ENTROPY CV CP VELOCITY

DERIVATIVE OEPIVATIVE ENERGY OF SOUNO

CU =T-PSIAIL3 PSIAIR BTU/L6 BTU/L_ BTUILO-R 6Tu I L_ -R FT/$EC

7912.75 75.;731 -13Z.602 -175.528 1.19_18 1.132 1.525 ;265

2928._6 75.5926 -132.100 -12;.930 1,21735 1,1;Z 1.5;3 _201

2652,77 75o_522 -128.955 -171.703 1.33686 1.19_ 1.679 ;160

2W64,0; 7;.0620 -1_5.581 -118,2;0 1.k5631 1,2;E 1.59; _062

2293.69 57.9235 -171,970 -11k.532 1,57596 1.286 L.913 399_

2130.35 71.3780 -118.171 -110,598 1.89582 1.376 2.037 389;

1967.25 69.9373 -11;.026 -106.367 1.0161_ 1.361 2.169 3010

1000.01 68.3101 -109.661 -101o896 1.93901 1.391 Z. 308 3720

163;.09 66._992 -1o5.o56 -91.13; 2.059L2 1._1r 2.;61 3526

1_68,57 6;.;k26 -100,128 -92.0;T 2,18310 1.;38 2°629 3527

1297.09 62.06;2 -qk.051 -66.59; Z.31000 1.;58 2. SZk 3k1_

L131.08 59.3103 -89.193 -00.936 2,;;019 1.;70 3.0_7 3293

962.85 56.1157 -83.082 -?_.390 2.595Z0 1._65 3.30; 3153

TqZ.SL 52.k536 -76.;3k -67.;63 2.716S; 1,;96 $.6;1 2969

675,61 _8.3255 -69.07; -59.560 2.0675? 1.521 ;.097 2603

;59.1T ;3.58C9 -60.565 -S0.905 3.03;61 1.530 ;.999 2583

797.86 37.9517 -50.549 -q0.180 3°22936 1,557 6.057 2319

131.71 30,_176 -36.705 -7_.155 3._9277 1.613 9.961 19_1

-0.23 15.3550 -1.517 L6.107 ;.19151 Z. 3T_ -7910.576 L1_1

-0.23 15.7313 -0.992 16.59_ ;.2039k 7.33; -_907.;89 1157

35.75 9,1309 29.;9_ 57.52? ;,8916k 2.003 19o;10 1258

0E.01 6.7351 _5.096 00,997 5.27k07 1.701 0o201 1361

123.12 5.6_57 53.930 9;.695 5.69;51 1,691 6.006 1k23

153,13 5.0;00 60.770 105.835 5°6532_ 1.6;1 5,05_ 1_90

179.35 ;.5825 66.639 115.365 5.80550 1o610 ;.51; 1526

203.17 k.7790 71,922 12_.016 5.93090 1.590 ;.159 1569

255.T0 3.5987 83.6;3 1;3.390 6.19016 1.562 3.643 1662

302.16 3.165; 9;.1;9 160.027 5.;2358 1.5;9 3.363 1_k3

3;_,73 7.0;58 103.968 119.116 6.62187 1.5;5 3,189 1816

38;._0 2.5937 113.355 192.808 6.00059 1,5;5 3.051 1082

_22,k5 7.38?9 122.;59 70?°9_? 6,96;32 1.550 Z.969 19_3

_58.10 Z.2161 131.390 227.?59 ?.11529 1.559 Z.931 1999

_93.73 2.0710 1_0,20! 239.313 T.25631 1.571 Z°893 2052

527.75 1.9_59 1;6o950 251,?17 ?.39228 1.509 2.069 2101

560.99 1.8367 157.693 266,02; 7.51952 1,611 2.658 2167

_93.53 1.7k02 166.;1k 280.306 7.6;109 1.638 2.859 2190

675,;9 1.05;; 195.332 29;,609 ?.75705 1.670 2.865 2230

656.96 1.5793 18;.300 308.912 _.87052 1.906 2.001 ZZ6T

/18.68 1.kkk; Z02.667 ]38.031 0,08585 1,791 7.93k 2336

?_9,10 1.3335 721.638 367.929 8.29050 1.809 ].000 2396

038.50 1.239; _1.90k 390.740 0.;8759 L.996 3.096 2455

897.08 1.1583 267.9_6 629,690 0.62022 2.109 3.19k 2509

955.02 1.0876 265, i33 ;67.1;2 8.86368 Z. 223 3.296 7561

1012.30 1.0250 308.39? ;95.651 9.0;;50 2°337 3.399 2612

106_.18 0.9695 332,555 530.133 9.22123 7,;;3 3.;99 2663

1181,63 0.8759 38;.075 601.83_ 9,56287 2,628 3.650 276;

L293.35 0,7990 _36.626 676.585 q,86FTk 2,768 3.798 2665

ikO_.O0 0.73;8 _95.;09 153._10 10.19561 2.662 3.805 2911

1513.99 0.6803 553.593 031.711 10,_6536 2,917 3.979 30?6

1623._5 0.6335 617.3kl 910._57 10.75115 7.979 3.9kl 3101

1532.;9 0.5928 691.115 969.1gl 11,01132 Z.�ZO 3.979 3286

10;1.19 0.5571 729._9; 1067,;95 11.2k832 Z.69_ 3.900 3390

19;9,61 0.5255 587,211 1165.113 11.;T023 2.858 3.061 3_93

2057.99 0._973 8;;.123 1221.903 11.67703 _.816 3.015 3595

2165.18 0._520 900.1PZ 1295.010 11.61259 7.17; 3.779 369;

2773.59 0.;_97 955.36? 1397.8k6 12.05563 2.133 $.931 3992

2361.26 O,kZO5 1009,56; 1;;7.07k 12.22032 Z.695 3.692 3887

2_68._1 0._096 1063.;23 1520.550 12,3916_ Z.661 3.657 3980

7_96,25 0,392; 1L16.;33 1593.357 12.5;638 7.631 3,676 ;091

Z903.59 0.3765 ]168.87_ 1665.60_ 12.69396 _.605 3.599 _160

2810.85 0.3_19 1720.823 1T31.3_5 12.03;19 2.503 3.576 ;2_6

2918.16 0.3k83 1272._58 1808.151 12.96956 2,56k 3.556 _330

3025.20 0.3358 1323,_56 1_19,673 13.0979; 2.5;9 3.5;0 k_12

3132,26 0.32kl 137_.;39 1950.277 13.22196 _.53& 3,52? _;92

3_39._; 0.3133 1_25.170 2020.116 13,3;173 _.575 3.516 ;5P1

3502.50 0.2890 1550.9;1 7195.927 13.62700 2.507 3.;96 k760

3773.56 0._683 1616.083 7370.;;0 13.86091 _,;96 3._85 _9;0

;307,?k C,23;6 1975.178 2718,23k 1;.3kS63 7, k85 3.;76 5260

5373.55 0.1876 2_22.7;6 3_13.10q 15,170kl _._0_ 3. q95 5896

1059_,1_ 0.0q38 _969.515 69_6.013 17.56153 2.6;_ 3.630 82;q

16022.85 0.0625 7756,225 10118,321 19.07756 Z,9ZT 3.913 9962

713k6.19 0.0_69 10889.119 1_h0._16 Z0.;559_ 3,31 _._02 11325

26669.k_ 0.0375 150;9.181 7003_,893 22.;;202 5.18_ 6.389 12337
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|

107,$10 PSIA IS38AR

THERMOOYNAMIC PROPERTIES OF PAPAHYDROGEN

TERPERATURE DENSITY V(DHIOV)p V(OPlDU)\ -V(OPIDV) T

3EG. R LBIC_ FT BTUILB PSIA-CU FTIBTU PSIA

* 25*612 4.05300 205,70 13,743 lk135.56

26 _.0_204 Z89.;? 13.664 14182,05

28 ;.7802k 203,01 13.198 12721.25

30 6.73030 282.37 12.610 1165S.6;

32 W.66041 381.65 12.11; 10707.79

3; _.60290 279,77 11.696 9805.77

36 ;.53349 276.37 11.337 8918,50

38 ;.46010 271.2h 11.011 8028.22

;0 ;,38168 264.99 10./10 7160.05

4Z 4.29T22 Z57._7 10.427 6310.75

kk k.20544 240,21 10.136 5454.81

46 4.10535 23_.17 9.826 4643.47

40 3.99459 226.48 9.475 3846.Z0

50 3.07066 212*95 9.059 3067.52

5Z 3,72016 197.76 8.578 2332,60

54 3.55697 1T9.83 8.011 t633.25

56 3.33028 158.69 7.301 994.33

_$ 3,00629 tZq.67 6.271 395.96

59,35? 1.97088 85.5? 3,202 -0.45

• 59.355 1.9524_ 85.68 3.3_3 -0.45

60 1.22981 92.07 3.709 43.35

6Z 0.96663 10E.10 3.913 83.91

64 0.84801 110.h5 3.959 104,41

66 0,77045 118.37 3.985 117.98

88 0.71Z60 125.89 3.993 1E7.81

70 0,66653 133.14 3.991 135.38

75 0,5813_ 150.40 3.96_ 1_8.65

80 O.SZO?k 167.08 3.926 157.35

85 0.474E8 183.20 3,804 163.50

90 0,43701 [99.04 3.8;0 168,07

95 0._0616 214,79 3,T93 171.58

100 0,38005 230.59 3.741 174.33

105 0.35754 246.$7 3.686 176.53

110 0.33789 Z62.91 3.625 178.33

115 0,32052 279.75 3.557 179.81

120 0.30503 297.21 3.;82 181.04

125 0.Z9110 315.35 3,403 182.08

130 0.778_1 334,25 3.319 102.97

140 0.25_54 37_.$4 3.1q4 18_.32

150 0.23800 418.26 2.967 185.43

lbO O.ZZzlg W65*28 2.795 186.23

170 0.20828 $15.29 2.637 186.85

180 0,19616 567.73 2.49; 187.33

190 0,18543 622.52 2.365 187.71

200 0.17584 577.9! 2,Z57 188.01

220 0,15945 T89.17 2.090 188.44

Z40 0.1_592 097.:5 1.978 188.72

260 0,134S_ 998.6_ 1.908 188.90

280 0.12405 1091._5 1.871 189,01

300 0,11647 1176,38 1.857 189.08

320 0.10918 1253.3_ 1.060 109.12

340 0.10Z73 1324.00 1.87_ 189.14

360 0.09701 1389.76 1.895 189,14

380 0.09191 1451,82 1.921 189.13

400 0.00732 1511.89 1.949 109.12

420 0.08317 1570.62 1.976 189,09

440 0,07940 1628.90 2.002 169.07

460 0.0?596 1687.48 2,027 189.04

400 0,07280 1746.46 2.048 189.01

500 0.06990 1802,2q 2.068 188,90

520 0.067ZZ 1867.01 2.08_ 188.95

540 0,06474 1928.6h 2.098 188,93

560 0.0624k 1991.49 2,110 188.90

580 0.06030 Z054.99 2.120 188.87

600 0.05830 2t19.38 2.128 188,84

650 0,05383 2283.3; 2.142 188,77

700 0.0S001 2450.81 2,150 188.70

800 0.04378 2793._6 2,15; 188.58

1000 0.03506 3_89.72 2.151 180,40

Z000 0.017_7 ?277.36 2.018 187.97

3000 0.011r2 11759.20 1.822 187.82

4800 0.00879 17614.47 1,572 187,58

_000 0,00696 316_3.09 1.039 185.73

• TWO-PHASE BOUNORV

C 12 }_

(DVIOT_/V THERMAL VISCOSITY THERPAL OIELECTRIC PRANCIt
• CONDUCTIVITY OIKFUSIVITY CONSTANT NUMBE_

t/OEG. R BTUIFI*HP-R LB/FT-_EC $Q FTIHR

K 10 _

0,0053392 0.0_501 1.766 0,0060_ 1.25411 2,15_4

0.0053302 0.04619 1.?16 0.00_18 1.25354 2.0641

0.0059312 0.0S106 1._98 0.00635 1.250_6 1.7726

0.00635_2 0.05;28 1.327 0.00640 1.2k720 1.5788

0,0067916 0.056;5 1.t89 0,00632 1.24373 1,4509

0,0072792 0,05779 1.077 0.00617 1.24005 1.3663

0.0070410 0.05888 0,983 0.00599 1.73617 1,3025

0.0085087 0.06014 0,903 0.00584 1.23207 1.2478

0.0092875 0.06086 0,834 0.0056_ 1.22770 1.2136

0.0102116 0,06112 0.772 0.00541 1.22301 1,1955

0.0113779 0.06095 0.716 0.00513 1.21797 1.1945

0.0127779 0.06037 0,665 0.0048] 1.71739 1.2059

0,0145899 0.05939 0.617 0.00_50 1.20629 1.2350

0.0170996 0.05802 0.571 0,0041_ 1.19948 1,2892

0,0707174 0,05620 0,525 0.0036_ 1.19169 1.3706

0.0266836 0,05379 0*h79 0.00315 1.18238 1.5378

0.0381681 0.05034 0.479 0,002_9 1.17055 1,0523

0,0768191 0.04969 0.367 0,00166 t,1527_ 2.6491

-34.0148474 -2,00600 0.239 0.00049 L.09840 0.9213

-33.87756R9 -2.79823 0,237 0.000_9 1.09746 8.8575

0.210_330 0,03913 0.175 0.0016_ 1.06063 3.1203

0.0002650 0,02681 0,159 0.00338 1.04744 1.7485

0.054378_ 0.02439 0.155 0,00479 1.04153 1.3761

0.0477195 0.02347 0.155 0.00602 1.03769 1,2000

0.0358545 0,02307 0.155 0,00717 1.03482 1.0947

0.0312370 0.02292 0,157 0.00877 1.03254 1,0241

0.0242093 0,02309 0.162 0.01090 t.02834 0.9184

0,020130_ 0.02362 0.168 0.013_9 1.0Z536 0,8590

0.0174051 0.02433 0,174 0.01609 1.02308 0.8204

0.0154290 0.02513 0.180 0.0187_ 1.02125 0,7931

0.0139172 0.02600 0,107 0o02147 1.01974 0.7731

0.0177121 0.02692 0.193 0.07416 1.01846 0.7579

0.0117316 0,02786 0.200 0.02694 t.01736 0.7467

0.0109120 G.02892 0.206 0.0298_ 1,01640 0.7363

0.0102146 0.03004 0.213 0.03280 1.01556 0,7779

0,0096173 0.03117 0.219 0.03577 1.01480 0,7220

0.0090857 0.03232 0.225 0.0387_ 1.01412 0.7183

0.0086206 0.03347 0.731 0.04170 1.01351 0.7186

0.0078339 0.03568 0.243 0.0_740 1.01244 0.7202

0.0071915 0.03851 0.255 0.05379 1,01153 0.7173

0,0066550 0,0_161 0.267 0.06051 1.01076 0.7142

0.0061991 0.0_472 0.278 0.0672? 1.01009 0.71k6

0.0058059 0,05215 0.300 0.08065 1.00950 0.7008

0.0054605 0,05698 0.327 0.09040 1,00090 0.7017

0,0051579 0.06141 0,342 0,09909 1.0085l 0.7014

0.0046479 0.06916 0.367 0.11875 1.00772 0.7016

0.00_2337 0.07550 0.387 0.13622 1.00706 0.7016

0,0038899 0.08055 0.404 0.15412 1.00651 0.7012

0.0035994 0,08_46 0._18 0.17217 1.00604 0.7005

0.0033505 0.08?44 0._31 0.190_8 1.00563 0.6996

0.00313;6 0.08969 0_43 0.2091_ 1.00528 0o690_

0.0029455 0.09141 0,_54 0,22818 1.00497 0.6972

0,0027783 0.09276 0,_64 0.24763 1.00469 0.6960

0.002629W 0.09387 0._75 0.76753 1.00444 0.69;8

0,002_959 0.09_86 0.484 0.28?88 1.00422 0.6937

0,0023755 0.095?9 0.;94 0.]086_ 1.00402 0,8926

0.0022664 0*09671 0.503 0.]2993 1.0038_ 0,6916

0.0021669 0.09767 G.512 0.3516_ 1,00367 0.6908

0,0020759 0,0986? 0.572 0.]?382 _.00352 0._900

0,0019923 0,09973 Q.531 0,39646 1.00338 0.6893

0.0019153 0.10086 0.540 0._1958 1.00325 0.6887

0,0018_37 0.10203 0.548 0,44319 1.00313 0.6801

0.0017776 0,10329 0.55? 0._6774 1.00307 0.68?6

0,0017162 0.10458 0,566 0._917_ 1.C0291 0.60?2

0.00165_9 0.10592 0.5?5 0.51679 1.00202 0.6869

0,001531_ 0.109_3 0,597 0.58140 1.00260 0.6862

0.001_218 0.11310 0,618 0*6490? 1.00242 0.6856

0,00124_3 0,17075 0,661 0.?9343 1.00211 0.68;9

0.0009959 0.13625 0.7_5 1.11820 1.00169 0.6841

0.000_988 0.7?727 1.134 4,3475_ 1.00085 0.5347

0.000]328 0.39369 1,_81 5,58232 1.00057 0.5299

0.0002499 0.559W3 1.598 tW.46202 1.00042 0.5094

0.0002019 L.12081 2.105 25.18893 1o00034 0.4320
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C-2b

200 PSI_ ISOBAR

TEMPERATURE VOLUNE

3EG. R CU FTIL9

" 25.662 0.20_93

Zb 0.20635

28 0.?096_

30 0.21118

32 0.213_6

34 0,21698

36 0.22027

38 0.22387

40 0,221e3

42 0,23223

_ 0.23125

46 0,24294

48 0.2495_

50 0.25?33

52 0.26685

56 0,20603

58 0.3Z38_

60 0,43W99

62 0.882b3

64 1.04_01

66 1*16162

68 1.21390

70 1.37002

75 1,534_9

80 1.77738

85 1.9514_

90 2*1Z88/

95 Z.29_10

iO0 Z,43_56

105 2,61138

110 2.76529

115 2.qL&83

L20 3.066_1

125 3.2L433

130 3.36085

140 3.65044

150 3.93836

160 4,Z19_5

170 4.50028

180 4.77_30

190 5.05658

ZOO 5.33Z71

ZZO 5,88193

Z_O 6,4Z802

260 6,92125

280 1.51367

3DO 8.05416

320 8.59351

340 9.13192

360 9.66958

380 10.20858

_00 10.7_302

420 11.2T903

440 11,R1_6_

460 IZ.34991

_80 12.88489

500 13.41961

520 13.95411

540 14.48815

560 15,02Z1_

580 15,555g9

600 16.08970

650 17.42350

700 18.7561_

800 21._ZZ04

1000 Z6.74981

2000 53.31238

3000 29,99011

_OO0 106.69800

5000 134,98751

• TW3*P_SE 80UIORY

THERMO3YNAHIC ;ROPE_IIES OF PAPAHYOROGEN

130IHERH ISOC_ORE INTERNAL ENTHALPY ENTROPY Cv CP VELOCITY

DERIVATIVE DCPIVATIVE ENERGY OF $OUNO

CU FT-oSIA/LB PSIAIR BTU/LB BTUIL_ 8TU/LB-R BTU / L8 -R FTISEC

2925.8_ 25.5107 -132.666 -L25.039 1.19_67 h133 L*925 4Z73

Z_OX, tl 7_,b397 -132.1_6 -12_.50_ 1.21538 1.142 1.546 4267

268_,_I _5,5380 -1_9.027 -121.300 1.33_05 1.194 1.624 4123

Z_8_.4_ 7_.Z_65 -125.664 -117.843 1,45328 1,_41 1o791 40T5

2313.25 72._0_ -122.087 -114.143 1.51269 1.285 1.909 3989

2149.7+ 71.568_ -115,235 -L13.19q 1.69220 1.325 2.031 3907

19_7,_1 70,1338 -t1_,158 -106,001 1.81217 1.360 2.161 3824

1819._6 6_.5185 -109.83_ -101.5_3 1.93264 1.390 2.300 3235

169_,13 66.2202 -10_.238 -96,800 2,05428 1.416 2.451 3662

I_8q.85 64.6824 -100._0 -91.738 2,17774 1.438 2.616 35_4

1318,59 62.3389 -95.L04 -86.317 2.30381 1,456 2.807 3632

1154.66 59.6210 -89._98 -80,500 Z.43307 1,470 3,018 3314

981,20 56.8029 -83._55 -7_._13 2,56684 1.48Z 3,271 3178

91P._ 5Z.9300 -76.8q8 -67,368 Z.70652 1,495 3,594 3019

653.33 48.899_ -69,_71 -59.789 2,85512 1.510 4.019 Z839

k88.19 _4.3207 -61,;97 -51.161 3.0178_ 1.527 4.661 2627

330,93 3_.9_14 -5L._68 -40.905 3.20426 1.551 5.729 2379

17_,80 3?.ZZZ3 -39._8 "27.]55 3.44176 1,596 8.285 2051

12.q8 19.3735 -10._63 5.24? 3.99175 2.032 56.726 1296

63._/ _,ibSZ 37.609 70,297 5,06569 1.8_4 11.210 1339

L0_.93 6.8105 _8.924 87,638 5.34130 1.722 T. 102 1416

137.61 5.7132 56.q01 100.14_ 5.93382 1.661 5.614 1_68

16_,_6 5.13_5 63.3_0 110.559 5.68933 1.623 4.869 1518

191.10 _.699_ 69.066 119.806 5.82339 t.599 4.411 1_63

24(,16 3,9521 81.403 140.084 6.10343 1.56V 3.280 1659

29_.26 3._563 32._69 158,093 6.33601 1,553 3.453 2741

338.05 3.0921 L02.333 114.826 6.53895 1,548 3.Z54 1814

378.87 Z.8091 111.902 190.744 6.72095 1,548 3.121 1881

_17.k9 _.580_ 1_1.147 Z06.105 6.88711 1.553 3.030 19_3

_54.39 _.3907 130._03 221*107 7.04100 2.561 2.969 19_9

_8_.97 3.231! L39,101 235.812 7*18450 1.576 2.9Zl Z053

52_._9 Z.0939 141,_9 250.340 /,31967 1,591 2.893 2102

95_,13 1.9745 156,7k0 26k,164 T.44790 1.613 2.878 2148

_91.04 1._693 165.580 21_.143 T.57030 1.640 2.8?5 2191

623.33 1.7759 1_,_89 293.531 7.68776 1.671 2.881 2231

69_,10 1.692_ 183.503 302.9FL 1.80103 1.707 2.896 2265

717,34 1.5_81 201.968 337.160 8.01732 1.792 2.9_6 2338

?T+,ZO 1,_282 Z_1*182 366,96_ 8,22291 1.889 3.018 ZkOO

837,97 1.3287 2;1.301 397.567 8.42039 1.997 3.105 _457

896._9 1.2393 _62.427 429.093 8.61149 2.110 3.201 Z511

955.11 1.1633 _84.&12 _61.612 8._9733 2.224 3.302 2563

1012.F3 1.0959 307.916 495.185 8,97849 2.338 3.405 2614

106_.13 1,0365 332._2_ 529.719 9.15548 2,444 3.502 2665

1182.76 P.935R 383.676 601.611 9.49750 2.628 3.672 2787

129_._7 0._534 _38.Z21 676.330 9,822?3 2,768 3.802 2878

1_0_,48 0.78_7 495.087 753.283 10.13084 2,862 3.887 2974

1512._ 0,726_ 553.300 831.566 10.42080 2.913 3.932 3070

162_,32 0,6763 612,_73 910.]55 10.69271 2.929 3.943 31_4

1734,52 3,632_ 6?0.869 989,126 10.94700 2,920 3.930 3289

1843.36 0,5946 779._67 1067._63 11.18410 Z.894 3.901 3393

1951.90 0.5608 7_V,000 1145.109 11.40609 2.858 3.862 3496

2060,19 0.5307 8_3.92/ 1221.923 11.61326 2.817 3.819 3597

216_,_& 0,5037 899.989 1297,85] 11.80853 2.724 3.775 369T

2276,16 0.4793 955.106 137Z.910 11,95167 2.733 3.732 3794

238_.90 0,4572 1309.604 1447.155 12.16440 2.695 3.693 3890

2491._2 0._371 1083,274 1520.647 12,32776 2.661 3.657 3983

2599.C2 0.4186 1116.292 1593._79 12.48253 2.631 3.626 4074

270_.41 0.4017 1168._0 1665,130 12.63015 2.605 3.592 4162

2813.72 0.3861 1220.698 1737,_8] 12.77099 2.583 3.976 _248

2921,11 0.3/16 _27_.3_6 t_00.90_ 1Z.90579 2.564 3.556 _332

3028.22 0.3582 13_3,_52 1879,191 13.03419 2.549 3.541 4414

3135,28 0.3k_8 13T4.3_9 lg50._49 13,15803 2,536 3.527 44_5

32_2,29 0.3347 1_25.026 2320,901 13.2T751 2,926 3.516 4573

3509.E2 0.3083 1550,5_9 2196,131 13.55831 Z,507 3.497 k762

]776.23 0,2862 1676.010 2370,658 13.81724 Z.496 3.435 4963

431G,50 0.2503 1925,120 2T18.;16 14.28200 2.483 3.4Z6 5162

5376*0? 0,2001 2_ZZ.706 $413,374 15,05680 2.489 1.476 5808

10202.?0 0.1000 4969.703 6946.32? 17.49796 2.644 3.630 8ZSl

16026,;0 0.06_? 7756,1T6 10218.599 19.01392 2, g27 3.913 9963

21_49.73 0.0500 I0886._78 1_837,99k 20.39165 3.386 4.394 11326

2667_.99 0.0400 15017.990 20002.383 22.37123 5.124 6,324 12344
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d

200 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARANY_ROGEN

TEHRERATURE DENSITY V(ONIOV)p V(OPlOU_, -VKDPlOV) T

OEG. R LBICU FT BTUILB PSIA-CU FTIBTU PSIA

• 25.662 4,8559; _86.99 13.730 14207.6I

26 4.04614 207,56 13.667 14068°88

20 4.79Z08 _8_.71 13.20_ 1Z846.88

30 4.73828 283.75 12.634 11764.;!

3Z 4.6?378 283.03 12.137 10811.62

34 4.50870 281.21 11.719 9907.96

36 4.53981 277.95 11,359 9022.45

30 4.46697 272.8_ 11.034 8127.91

40 4.389Z3 266.72 10.732 7260.38

42 4.30564 259.42 10.449 6;14.76

44 4.21497 ZSO.2T 10.161 5557,82

46 ;.116_7 2_0.56 9.855 _752.88

48 4.00744 229.16 9.512 3958.13

SO 3.88611 215.97 9.109 3180.99

52 3.747_0 201.2_ 8.642 2_0.34

54 3.58319 183.95 8.101 1749.26

S6 3.37801 164.17 7.;39 1117.90

58 3.08798 138.80 E.540 539.79

60 2.29892 92.10 3.93; 29.83

62 1.13298 99.03 3.909 72.13

64 0.95785 107.97 _.007 100.50

66 0.8564; 115.79 4.017 117.85

68 0.78_99 123.51 _.02_ 130,20

70 0.72992 130.52 _.026 139.48

75 0.53112 148.57 3.997 155.36

80 0.06263 165.42 3,955 %65.56

85 0,$1087 101.74 3.909 172.70

90 0.46973 197.7_ 3.863 177.97

95 0.43590 213.6] 3._13 181.98

[00 0,40740 229.55 3.759 185.12

[05 0.38Z9_ 242.61 3.703 187.63

[10 0.36163 262.03 3.640 109,67

115 0.3420_ 278.94 3.57t 191.35

120 0.32611 296.4_ 3.496 192.75

125 0.31111 314.63 3.415 193.92

130 0.29754 333.58 3.331 194.92

140 0.27394 373,93 3.154 196.51

ISD 0.2S_04 412.70 2.975 197.69

160 0.23700 _64.77 2.603 198.60

170 0.22221 514.8Z 2.644 199.30

180 G.20924 567.31 2.500 199.84

190 0,1977& 622,19 2.370 Z00.26

200 0.18752 677.63 2.262 200.60

220 0,17081 789.00 2.094 201.08

240 0.15537 897.10 1.982 201.40

ZbO 0,14344 998,70 1.911 201,60

280 0.13309 1091.83 1.874 201.72

300 0.12416 [1r6,66 1.860 201,80

320 0.11657 1253.71 1.862 Z01.8_

340 0.10951 [324._5 1.876 201.86

360 0.10342 1390.28 1.897 201.86

380 0.09798 1;92._0 1.923 201.85

_00 0,09308 1512.52 1.950 Z01,83

920 0.08866 [571.30 1.970 201.00

_kO 0.08k64 1629,61 2,004 Z01.70

460 0,08097 1_88.23 2.028 201,74

480 0,07751 1747.24 2.080 201,71

500 0.07452 1007,10 2.069 201.68

S20 0.07[66 [867.8_ 2.086 201,64

540 0,06902 [929,51 2.100 201,62

$60 0,066$7 1992.30 2.11[ 20[.$8

500 0,06420 2055.89 2.121 201.55

600 0,06Z15 2120.30 2.129 201.51

630 0.03739 2204.29 2.143 201.43

700 0.05331 2451.79 2.151 201.35

800 0,04668 2r94.48 2.155 201,22

1000 0.03738 3;90.78 2.131 20[.01

2000 0.01824 7276.55 2.019 200.53

3000 0.012S0 11759.75 1.022 200.35

bOO0 0.00937 17582.49 1.575 200.10

5000 0.00743 31331.6; 1.051 198.I8

• TWO-PH4SE BOUMDRY

C-Zb

(OVIDT)_V THFRMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

llOEG. R BTUIFT-HR-R LBIFT-_EC SQ FT/MR
X 10 _

0.00531_8 0.04521 1.770 0.00610 1.25_26 2.1_93

0.005376_ 0.04622 %.724 0.00617 1.25373 2.0759

0.0058799 0,05112 1.506 0,00637 1.25073 1.7756

0.0063ill 0.05;36 1.334 0,00641 1.247_8 1.5821

0,0067_37 0.05655 1.196 0.0063_ 1.24_03 1._531

0.0072237 0.05791 1.083 0.0061_ 1.24038 1.3676

0.0077732 0.05902 0.980 0.0060_ [.23652 1.3028

0.008_300 0.06029 0.90R 3.00587 1.23246 1.2974

0.0091896 0.06104 0._39 0.00567 1.22012 1.21_3

0.01008]3 0.06132 0.777 0.005;q 1.223_ 1.1929

0,0112164 0.0611T 0.721 0.00517 1.21845 1.1908

0.0125454 0.06063 0.670 0.0040_ 1.21299 1.1998

0.01;2751 0.05968 0.622 _.00_55 1.20699 1.226_

0.0166395 0.0_836 0.576 0.00420 1,2003] 1.276_

0.0199724 0.05661 0.531 0.00]76 1.1927_ 1.3971

0.0253368 0.05433 0._86 0.0032_ 1.18300 _.4995

0.03_8755 0.05110 0.437 0.0026_ 1.17269 1.76_5

0.0596938 0.0493_ 0.381 3.00193 1.15711 2.3029

0.61594_1 0.08621 0.273 0.00066 1.11543 6.4602

0.113196_ 0.03191 C.170 0.002;_ 1.05577 2.2174

0.0657733 0.02626 0.162 0.00386 1.0_700 1.5737

0.0_8_820 0.02463 0.159 0.00512 1.0_195 1.3058

0.0394201 0.0239] 0.159 0.00626 1.03841 1.1634

0.0]36912 0.02362 0,160 0.00734 %.03560 1.0729

0.025_427 0.02350 0.16_ 0.00908 1.03080 0.9446

0.0208770 0.02401 0.169 0.01236 1.02742 0.8758

0.01790_5 0.02466 0.175 0.0140X 1.02_8_ 0,8322

0.0t578_7 OlOZSq2 0.L81 0.01734 1.02286 0.8020

0.0141017 0.02626 0.180 0.01985 1.02120 0.7801

0.0129144 0.027[5 0.194 0.0224B 1.01980 0.1635

0.011_908 0.02808 0.201 0.02510 1.01861 0.7513

0,0110399 0.02912 0.207 0.0278; 1,01736 0.7401

0.0103108 0.03023 0.213 0.03063 1.01663 0.7311

0.00969q4 0.03135 0.220 0.03344 1.0158] 0.72;7

0.0091377 0.032;9 0.226 0.0362_ 1.01510 0.7207

0,0006813 0.03363 0.232 0,03903 1.01443 0.7107

0.0070781 0.03582 0.244 0,0_43_ 1.01328 0.7220

0,007_245 0.0386; 0.256 0o050;0 1o01231 0.71_?

0.0066802 0.0_174 0.267 0.05672 1.011_9 0.7153

0.00621_5 0.04_84 0.228 0.0630_ 1.01077 0,7154

0.00582II 0.05218 0.308 0.07552 1.01013 0.7019

0.005_724 0.05700 0.327 0.00;66 1.00958 0.7022

0.0051673 0.06143 0.342 0.09355 1,00908 0.7022

0.0046539 0,06917 0.367 0.11079 1.00823 0.7023

0.0042376 0.07550 0.387 0.12767 1.00753 0.7022

0.003092_ 0.00055 0.40; 0.19447 1.0069W 0.7017

0.0036010 0.084_6 0._18 9.161_1 1.006_ 0.7010

0.0033514 0.0074_ 0.431 0.17860 [,00601 0.6999

0.00313_1 0.00970 0._3 0.19611 1.00563 0.6980

0.0029;56 0.09142 0,45_ _.21399 1.00529 0,6976

0.0027782 0,09277 0,_65 0,23225 1.00500 0.6963

0.0026292 0.09386 0.473 0.2509] 1.00474 0,6950

0,0024936 0.09;87 0,40_ 0.27002 1.00_50 0.69]0

0.0023751 0,09500 0.49_ 0.28954 1,00_29 0.6q28

0.0022659 0.09673 0.503 0.3094_ 1,00409 0,6918

0.002166_ 0,09769 0.513 0.]2985 1,00391 0.6909

0.0020754 0.09869 0.522 0,35066 1.00375 0.6901

0.0019916 0.09975 0.531 0.37191 1,00360 0.689_

0.0019[_8 0,10008 0.5_0 0.39360 1,00346 0.6080

0.0018431 0.10205 0.5_g 0._1575 [.00334 0.6002

0.0017771 0.1033I 0.557 0,_3832 [.00322 0,6877

0,0017157 0.I0461 0.566 0.46134 1.00311 0.6873

0.0016534 0,[0395 0.575 0,_0400 1.00300 0.6869

0.00[5307 0.10945 0.597 0.5;542 1.00277 0.6862

0,001_214 0.11313 0.6[8 0.60890 1,0025_ 0.6857

0,0012_39 0.I2070 0.661 0.74433 1,00225 0.6850

0.0009956 0.13629 0.7_5 L. 04899 1.0010! 0.6041

0.0804987 0._7727 1,135 _.07669 1.00090 0.53_9

0.0003328 0*39365 1,_81 5*04694 1.00060 0.5301

0,00024_9 0,55771 1o799 15o54410 1,000_5 0.5102

0,0002018 [,10496 2,105 23.51643 [,00036 0,4330
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1

C-2b

210 PSIA ISOBAR

TEMPERATURE VOLUqE

lEG. R CU FT/LB

* 25.70Z 0.20583

26 0.20&20

28 0.20648

30 0.21100

32 0.21376

34 0.Z[076

36 0.22003

38 0.22358

kO 0.22752

42 0.23190

_k 0.23682

46 0.242N3

48 0.Z4891

50 0.25653

52 0.26579

54 0,27?53

56 0.29350

58 0.3[838

60 0.37868

62 0.7S832

64 0.9432[

66 1.07220

68 1.[8016

70 1.27614

75 [.48725

80 1.67511

85 1.84950

90 2.01497

9Y 2,1F407

100 2*33632

105 2,47667

110 2.62647

[1S 2.77169

120 2.91492

125 3.05850

[30 3.19667

140 3.4F355

150 3.74676

[60 4.01713

170 4.28525

180 4.55[55

190 4.81612

200 5.07954

220 5.60336

240 6,1Z405

260 6.64240

260 7.15894

300 7.6?406

320 8.18803

340 8.70107

360 9.21335

380 9,72699

400 10.23&09

420 10.7467_

440 11.25699

460 [1.76691

480 12.27653

S00 12.78_90

520 13.29Y04

540 13.803T9

S66 [4.32243

580 14.82092

600 15.32926

650 16.59970

700 17.66@5b

800 20.40012

1000 25048240

2000 50.83F54

3000 76.18838

4000 101.62183

S000 128.15418

" TWO-PHASE BOUNOR¥

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN

i
. '_ " '. ,

ISOTHERM ISOCHORE INTERNAL ENTH4LPY ENTROPY CV CP VELOCITY

DERIVATIVE OFRIVATIVE ENERGY OF SOUNO

GU FT-PSIA/LB P$IA/R 8]U/LB BTU/L5 BTU/LB-R BTU / LB -R FT/SEC

2936.26 ?S.5G12 -132,652 -124.64_ 1.19505 1.133 [.525 6279

2919._6 75.6567 *132.194 -124.176 1.?1331 1.[4_ [.543 _279

2699.?? 75,6063 -[29.08_ -120.976 1.33160 1.193 1.671 4184

230C,62 74.3932 -125.730 -117.525 1,45083 1.24[ 1.788 4086

2328.81 73.0578 -122.144 -113.832 1.57001 1.285 1.905 4000

2167.12 71.7192 -116.324 -109.59_ 1.68932 1.325 _.027 3915

2005.41 70.2897 -114.263 -105.707 1.80901 1.359 2.155 3836

1840.72 6_.6899 -L09.999 -10t.265 1.92906 1.390 Z.291 3750

1670.00 66.6951 -105.379 -96.532 2.05044 1.416 2.443 3654

1506.67 64.8715 -100.507 -91.489 2.17344 1,437 2.605 39S7

1340.40 62.5545 -95.304 -86,095 2.29889 1.455 2.769 3450

1173.20 59.8759 -89.736 -80.300 2.k27_8 1.470 3.000 3331

[007.1k 56,8059 -83.74_ -74.066 2.56028 1._8_ 3.247 3197

838.82 53.3007 -77.258 -67.283 2.69871 1._95 3.558 3041

_74.6S _9.]_18 -70.131 *_9.795 2.84551 1.$09 3.964 2865

515.66 44.8885 -62.128 -51.336 3.00509 1.SIS 4.535 2665

356.8[ 39*7520 *62.806 -41.393 3.18580 1.548 S.482 2426

203.39 33.4391 -41.064 -28.684 3.40660 1,_89 7.571 2121

52.82 23.4358 -21.616 -6,890 3.77?14 1.708 18.274 1618

_,_9 5._163 29.562 59.050 W,859?6 1.915 16,180 1321

89.94 7.4711 44.409 81,087 5.21020 1.749 8.292 [4OS

124.95 6.3572 53.503 95,197 5.42746 1.679 6.224 [465

154.99 5.6182 60.600 106.492 Y.99614 1.634 5.206 [Sl?

181.47 5.1067 66.67[ 116.295 5.73826 1.607 4.6N0 1596

238.98 _.2515 T9,SST 137.39[ 6.02964 [.57[ 3.899 1656

288,01 3.6970 90.735 155.873 6.26832 1.557 3*529 1739

332.77 3.2957 101.006 172.926 6.47515 1._5[ 3.506 1813

374.35 2.966E 110.726 189.061 6,65986 1.55[ 3.163 1863

413.60 2.7368 120.089 204.630 6.82803 1.555 3.063 1943

451.01 2.5333 129.241 219.761 6.983_7 1.563 _.992 2060

_87.02 Z.361_ 138.216 254.610 7.1_81R 1.575 2.943 2053

521.92 2.2142 147.108 249.242 7.26433 1.592 2.912 2103

955.69 2.0863 155.975 263.756 7.39336 1.614 2.695 2[49

589.10 1.9739 164.863 278.213 7.51642 1.64[ 2.690 2192

621.66 1.87k2 173.614 292.670 7.63445 1.672 2.894 2233

553.66 1.7851 182.865 307.[72 7.74820 1.708 2.987 2270

716.32 1.6319 _0[.392 336.465 7.96526 [.792 2.955 _339

777.52 L.5047 220.697 366.39_ 8.17146 1.890 3.026 2401

837.59 1.3970 240.818 397.030 8.36939 1.997 ].11| 2499

896.76 [.3046 261.980 W28.618 8.56086 2.110 3.207 Z513

_55.20 1.2242 284.196 _61.189 5.F4701 2.224 3.30? 2965

1012.92 1.1529 30F.532 494.815 8.92646 2.338 3.409 2626

107C.[9 1.0902 33[.864 529.389 9.10565 2.444 3.505 2667

1183,51 0.9840 383.356 601.292 9.44801 2.629 1.6?S 2769

1295.57 0.0971 437.966 676.128 9.77349 2.769 3.804 2872

1406.68 0.8247 494.629 753.128 10.08178 2.862 3.869 2976

1517.0_ 0.7633 553.066 831.45[ 10.37189 2.913 3.933 3081

1626.64 0.7106 611.898 910.274 10,64392 2.930 3.945 3186

1736.16 0.6646 670.672 989.074 10.89831 2.920 3.932 3291

1845.11 0,6247 729.085 1067._38 11.13549 2.895 3.903 3395

1953.74 0.5691 786.832 1145,205 11.35754 Z.858 3.664 3496

2062.11 0.5575 8k3.771 122[.940 11.56526 Z.817 3.620 3599

2170.26 0.5291 899.844 [297._87 11.76013 2.775 3.?75 3699

2276.22 0.5034 955.060 1372.961 11.94325 2.734 3.733 3796

238_.03 0.4602 1009.477 [44?.220 12,11602 2.695 3.693 3892

2493,69 G.4S90 1063,194 [$20.726 12.27941 2.661 3.658 3985

2_01.24 0.4397 1116,180 1593.569 12.43420 2.63[ 3.627 4076

Z?08.68 0._219 1168.639 1665.83[ 12.58186 2.605 3.600 4164

2816,03 0.4055 1220.599 tr37.594 12.72271 2,_83 3.$77 4290

2_23,47 0.3905 1272.256 1_09.035 12.65754 2.$6_ 3.557 4334

303C.62 0,3762 1323.368 1879.R25 12,98595 2.549 3.$41 4416

3137.71 0.3631 13T4.260 1950.591 13,10980 2.536 3.528 4497

324_.7k 0.3505 1424.951 2021.050 13.22929 2,526 3.517 4S7_

3512.12 0.323R I$50,793 2196.294 13.$101! _.507 3.49? 4764

3?79.28 0,3005 1675.952 2370.034 13.76906 _.496 3._85 494N

4313.11 0.2628 1925.073 2710.670 14.23385 2.488 3.4?6 5264

$379.61 0.2101 2422.675 3413.991 15,00868 2.489 3°476 5900

1070_.$1 0.1050 4969,694 6946.5?9 17.44986 2.644 3.630 8262

16029.24 0.0700 7756.139 10718.82_ 18.96587 2.927 3.913 9964

21352.60 0.0525 10084.939 14836.233 Z0.3430! 3.381 4.38? 11330

26575,8_ 0,0420 1_993.030 19978.493 22,31701 _.081 6.2?6 12349
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d

THERMODYNAMIC PRORERTIES OF PARAHYOROGEN C-2b

210 ASIA IS081R

TER=ERATURE OENSIIY VIDHIOV_ V(OP/DU) V -V(OPIOV) T (OVIOT_V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY OIFfUSIVITY CONSTANT NUMBER

OEG, R LB/CU FT 9TU/LB PSIA-CU FTISTU RSIA IIOEG. R BTU/FT-HR-R L3/FT-SEC SQ FT/HR

X I0 _

" 25.702 4.656Z9 290.02

Z6 4,8491Z 288.76

20 4,79658 296.07

30 4,739Z; Z0k.83

3Z 4.67004 20;.1?

3W 4.61332 Z82.35 11.737

36 4.54402 279.20 11.376

30 ;,47259 274.62 11.052

;0 4.39521 260.09 10.749

42 4.31Z30 260.95 10.w67

44 ;.22254 Z52,37 10.180

46 4.12406 242.43 9.877

40 4,01749 231.2; 9.$;0

50 3.89014 218.30 9.147

$2 3.76238 203.90 8,691

S4 3.60317 187.70 8.169

56 3.407L7 168.58 ?.$39

SO 3.14090 144,63 6,716

60 2.64072 108.77 5.197

62 1.31871 96.93 3.086

64 1.06021 105.8; 4.028

65 0.93206 11;.09 4,059

66 0.8473; 121*69 ;.057

70 0.70361 129.21 4,056

75 0,67230 147.10 4,024

80 0.59698 16;.13 3.970

05 0.54009 180.61 3.930

90 0*49629 196.75 3.881

95 0.45997 Z12.74 3.830

100 0.42949 228.75 3.773

105 0.40341 244.80 3.716

110 0.3807; 261.35 3.652

115 0.36079 278.31 3.582

120 0.34306 295.85 3.507

1Z5 0.32717 314,08 3.425

130 0.31283 333.05 3.340

140 0.20709 323.46 3.162

150 0.26690 417.27 2.963

160 0,24893 ;64.36 2.010

170 0.23336 514.46 2.649

100 0*21971 566.99 Z.505

190 0.20764 621,93 2.375

200 0.19687 077.42 2.266

220 0,17046 780.00 2.097

240 0.16329 897.07 1.984

260 0,L5055 998.77 1,914

280 0.13969 1091.98 1.876

300 0.13031 1176.09 1.961

320 0.12213 1254.01 1.664

340 0.11493 1324.82 1.878

360 0,1085; 1390.70 1.899

380 0.10203 1452.87 1.925

400 0,09709 1513.03 1.952

420 0.09305 1571.04 1.979

440 6.08883 1630,19 2.005

460 0,08498 1688.94 2.029

460 0.08146 1747.86 2.051

500 0.07821 1807.74 2.070

520 0.07522 1868.51 2.067

540 0.07244 1930.21 2.101

560 0.06987 1993.10 2.112

580 0,06747 2056.62 2.122

600 0.06523 2121.04 2,130

6S0 0,06024 2285.05 2.14;

700 0,05596 2452.57 2,152

60| 0,04900 ZTgS.29 2.156

1900 0.03924 3491.64 2.152

2000 0.01967 7279.50 2,019

3000 0.013L3 11760.25 1.822

4000 0.00904 17598.98 1.570

5000 0.00700 31102.55 1.059

13.720 14265.19 0.0057955 0.04536

13.665 14156.27 0,9053436 0.04625

13.Z09 129;7.02 0.0050397 0.05117

12.653 11051.06 0,006277_ 0,054;3

12.156 1089;.27 0,0067061 0.05663

9988.37 0,0071803 0.05800

9105.14 0.0077198 0.05912

8232,81 0.008343; 0.06041

7340.03 0.0091137 0.06117

6;97.22 0.0099846 0.061;7

5659,88 0.0110523 0.06135

4939.28 0.0123729 0.06082

4046.17 0.014039_ 0.05991

3269.03 0.0163007 0.05863

2538,20 0.0194390 0.05693

1858.01 0.0241594 0.05;?;

1222.52 0.032516_ 0.05166

638,81 0.0123455 0.04957

139.49 0.160015? 0.05329

50.01 0.1669217 0.03738

95.36 0,0783467 0,07021

116.54 0.0545495 0.02579

131.33 0,0_2r791 0.02472

142.20 0.0359120 0.02424

160.42 0.0265025 0.02400

171.93 0.0215026 0.02434

179.93 0.0L83169 0*0Z493

185.78 0.0160756 0,02566

190.24 0,0t43965 0.02647

193.70 0.0130780 0.02734

196._7 0,0120190 0.02825

198.71 0.0111475 0.029?8

200.56 0.010;023 0.03038

202.10 0.0097673 0.031;9

203.39 0.0097151 0.03262

20_.40 0.0007297 0.03376

206,22 0,0079133 0.03593

207.52 0.0072507 0.03875

200,50 0.006_001 0.04184

209.27 0.0062339 0.04494

209.86 0.0058331 0,05221

210.32 0.0054617 0.05702

210.69 0.00517_7 0.06144

211.22 0.0046507 0,05917

211.55 0.00;2406 0.07550

Z11.77 0,0033943 0.06056

211.91 0.0036022 0,084;6

211.99 0.0033521 0.08745

212.04 0.003135; 0.06970

212,05 0.0029457 0.091;3

212.06 0.0027781 0.09278

212.04 0*0026290 0.09389

212.02 0.0024953 0.09408

211.99 0.0023748 0.09582

211.96 0.0022655 0.09674

211.92 0.0021660 0.09770

211.89 0.0020750 0.09870

211.85 0.0019914 0,09977

211.81 0.0019143 0.10090

211.Tq 0.0018427 0.10207

211.75 0.0017766 0.10333

211.71 0.0017152 0.10463

211.67 0.0016579 0.10597

211.59 0.0015303 0.10948

211.49 0,0014210 0.11315

211.34 0,0012_]6 0.12081

211.11 0.0009954 0.13633

210.58 0.000;907 0.27727

210.39 0.0003327 0.39362

210.12 0.0002;99 0.55645

206,15 0.0002018 1.09329

1.772 0.00612 1.25;;1 2.1;53

1.732 0.00618 1.25392 2.0800

1.513 0.0063q 1.25093 1.778%

1.3_0 0.006_Z 1,2_771 1.58_8

1.?01 0.00635 1.2;_27 1.&550

t.000 0.006?0 1.?;06_ %.3087

0.993 0.0060_ 1.23600 1.3031

0.912 0.00590 1.23277 1.2459

0.8;2 0.00570 1,22846 1.7113

0.700 0.005_7 1.22305 1.1909

0.725 0.00521 1.21887 1.1060

0.673 0,00k92 1.213_7 1.1953

0.625 0.00_59 1.20755 1.2200

0.580 0.00;23 1,?0099 1.2670

0.535 0.00302 1.19356 1.3420

0.;91 0.00335 1.18;8_ 1.4635

0.;44 0.0027_ 1,17426 1.6957

0.391 0.00?08 1.1599_ 2.1493

0.31; 0.0011_ 1.13335 3.8760

0.105 0.00175 1.06512 2.8876

0*L6_ O,D03?L 1.05212 1.?0?0

0.164 0.004;; 1.04575 1.4206

0.162 0.0056_ 1.0_150 1.2288

0.162 0.00667 1.0383; 1.1170

0.165 0.00915 1.03283 0.9675

0.170 0.01155 1.02911 0.8901

0,176 0.0139_ 1.0263; 0.8421

0.182 0.01635 1.02416 0.8094

0.189 0.01079 1.02230 0.7858

0.195 0.02128 1.02008 0.7680

0.201 0.0237q 1.01961 0.7550

0.208 0.026_1 1.01850 0.7432

0,21; 0.02909 1.01752 0.7337

O.2ZO 0.03177 1.01666 0.7269

0.226 0.034;5 1.61509 0,7226

0*232 0.03712 1.01518 0.7203

0,24_ 0.0;223 1.01396 0.7233

0.256 0.0;798 1.0L79; 0.7197

0,267 0*0540? 1.01207 0.7161

0,279 0.06005 1*01131 0,7161

0.308 0.07185 1.0106_ 0.7028

0.327 0.0005_ L.01006 0.7030

0,342 0.08903 1.00953 0.7029

0.367 0.105;6 1.0086; 0.7029

0.387 0.12155 1,00790 0.70?7

0,_0; 0.13757 1.00728 0,7021

0.;18 0.1537] 1.00676 0.7013

0o_31 0.17011 1,00630 0.7002

0,;43 0.18680 1.00591 0,6990

0.;54 0. Z0385 1,00556 0.6977

0.;65 0.22125 1.00525 0.6965

0.;?5 0oZ3905 1.00;9_ 0.6952

O._B4 0.25725 1.00472 0,69_0

0.49_ 0,27586 1.00450 0.6929

0.503 0,?9487 1,00429 0.69L9

0.513 0.31;28 1o00411 0.6910

0*522 0.33411 1.00394 0*6902

0.$31 0,35436 1.00378 0.6695

0,5;0 0.37502 1.00363 0.6089

0.549 0.3961_ 1.00150 0.6882

0.557 0.;1765 1.00308 0.6677

0.566 0.43958 1,00326 0.6973

0.575 0._619; 1.00315 0.6870

0.597 0.51970 L.00291 0.6862

0.618 0.58019 1,00270 0.6057

0.661 0.709_] 1,00237 0,6850

o.r_5 0.99951 1.0o19o 0.6841

1.135 3.88306 1.00095 0.5356

1.482 7.66422 1.00063 0.$303

1.000 17,88803 1.000;7 0.5108

2.106 22.32575 1.00030 0,;35?

• TWO-PHASE 80UMDRY
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22_ PSIA ISOBAk

TEM=ERATURE VOLUqE

3EG. R GU FT/LB

25.142 0,20573

Z6 0.20_06

20 0.20832

30 0.21053

3Z 0.Z1357

34 0.11655

36 0,21979

38 0.21331

qO O.ZZF2L

4Z 0.2315_

4_ 0.136_1

4& O.Z_tgk

46 3.14531

50 0.15577

52 0.26_T_

56 0.Z912_

58 0.31381

60 0.35933

62 0.61310

66 0.90W3_

6B 1.09380

70 1.19015

75 1.39866

80 1.56_09

85 1.75139

90 1.91t_7

95 Z.ObSOZ

100 Z.11361

105 2.35_7

110 Z,500J4

115 2.63qB1

120 2.777Z_

125 2.91308

130 3.047_6

140 3.31_79

150 3._Tk44

160 3.83325

170 _.089_0

180 _.3W_55

190 k.59755

200 _.Skg_t

220 5.3501_

2wO 5._k77W

260 6.3_301

280 6.B36_

300 7.3285?

3?0 7.819k3

340 _.30941

360 8.79861

380 9.28721

_00 9.77525

_ZO 10.2628k

_0 10.7500k

460 11.23690

_80 11,72348

500 12.20979

510 12.69589

6_0 13.1816_

560 13.66723

580 1_.15Z68

600 1_.63799

650 15.85079

700 17.0630_

800 19.40_3_

1000 2k.33020

ZOO0 _8.5331_

3000 7Z.731_0

_000 97.00717

5000 122.3017_

" TWO-PHASE BOUNORY

TH_RMOUYNAHIC PROPC_TIE_ Of PARAHYOROGEN

ISOTHERM ISOCHORE INTERNAL ENTHALP? ENTROPY CV CP VELOCIIY

DERIVATIVE OER_g_TIVE ENERGY OF SOUND

CU _T-PSIA/LB PSIAIR BTU/LB BTUIL_ 8TUIL_-R BTU 1 LB -R FT/SEC

_9_.68 _5.5721 -132.638 -11_.257 1.19543 1.13_ 1.525 4265

2935.7_ 75.b_26 -132.2_2 -123.648 1.21126 1.1_1 1.5k0 _Z86

2Z17.93 75.67_3 -129.1_0 -120.653 1.32956 1.193 1.667 _195

2516.73 7_,5391 -125.796 -117.Z0_ 1.k_8_I i,Z_O 1,785 _097

23_.26 73.20_9 -122.220 -113.520 1,56739 1.28W 1.902 _011

2180.k0 _1.8691 -118.413 -109.591 1.686_7 1.32_ Z, OZ3 3929

2019.29 70.;;_ -11q.366 -105.k12 1.80588 1.359 Zo150 3667

1_56.85 68.85_ o110.079 -100.982 1.92563 1.38_ Z. Z8_ 3762

1685.1? 67.068_ -i05.519 -96._63 Z.0_66_ 1.415 _*_36 3666

1_23.30 65.05_2 -100.671 -91.238 2.16919 L.437 2.595 3570

I$5_._ 61,76_ -95.500 -85.869 2.29407 1.455 Z.776 3_&5

1191._5 60ltZIO -89.969 -80.113 Z.k2197 1._70 2.981 33_7

1317,33 97.100h -84.027 -73.911 Z.55391 1._82 3.221 3Z16

8o2.99 53.6533 -77.607 -67.187 2.69113 1.094 3.515 3066

_gG.b_ W_.7830 -70.588 -59.503 2,83591 1.508 3.899 Z8q_

53_.7 _, _5._178 -6_.729 -51._78 2.99195 1.513 4.443 2698

383.EC 40.467_ -$3.671 -31o008 3.16821 1.5k_ 5.298 2_69

233.3_ 3_.5180 -_2.550 -29.766 3,37905 1.577 6.977 _167

89.3_ _6,3172 -26.206 -11.570 3.68778 1,65W 1Z.775 1788

Z7.8_ 1Z.3805 17._$ q3,229 _.5839_ 2.019 Z6,552 1303

_5.3_ 5.5086 39.1_9 73.651 _.06812 1.762 _.953 1396

113.20 7,0507 49._1Z 89.91_ 5.3185_ 1.70Z &.903 1_88

14_.10 6.1802 57.6W0 102._00 5.50207 1.646 S.639 1512

171.P7 5.5;50 6_.163 112.6_8 5.65355 1.615 k.899 15S6

231.07 4.56_9 77.664 134,631 5.95738 1.576 ;.026 165k

281.83 3.9_65 59.17_ 153.625 6.2025_ 1.560 3.609 1736

327.57 3.50_ 99.563 171,011 6,klIkl 1,553 3o36_ 1813

369.qi 3.1683 109.5_0 187.409 6.60092 1.553 3o_05 1861

_09.77 2.8999 119.023 Z03,1_8 6.77113 1.557 3.096 1q_3

W_7.6B 2.6?82 128.17_ 210._51 6.9_816 1.565 3.019 ZOO0

G8_.13 2.k936 137.3Z7 233.407 7.07_09 1.577 2.966 ZO_k

519._0 2.3360 1_6.286 _48.1_5 7.21122 1.594 2.931 210_

553.70 2.199_ 155.208 Z62.7_8 7.3_105 1.615 2.912 2150

_.20 2.0796 164.14k 277.18_ 7._6479 1.64Z 2.90_ 219_

610.02 1.9735 173.138 291.811 7.58338 1.673 2.907 223k

652.26 1.8788 1R2.226 306.37_ 7.69761 1.709 E.919 2272

115.33 1.7163 200.815 335,772 7.915_5 1.793 Z. g6S Z861

776.87 1.5815 220.132 365.767 8.12223 1.R91 3.033 Zk03

_37.2_ 1.4677 240.336 396._93 8.3206k 1.998 3.118 2k60

896.66 1.3701 261.533 _26.1k4 6.51246 Z.111 3,213 2515

95_.33 1.2853 Z83.Y80 W60.769 8.69893 2°22W 3.31_ 2807

t013.23 1.2101 ]07.138 kg_._k3 8.8806k 2.339 3._1_ 2617

1070.67 1.1_1 331.505 5_9.061 9.05606 Z. kk5 3.509 Z86_

118_.29 1.0323 383°040 600.99_ 9.k0076 Z.629 3°678 Z771

IP9_.5_ 0.9_09 _37.701 675.926 9.72648 2.769 3.807 Z87N

1_07.8_ 0.86_8 _9q,572 751.974 10.03W97 2.863 3.892 2978

1518._3 0.8003 552.fl32 531.337 10.3251_ 2.913 3.935 3063

1528.3_ 0.7_50 611.64_ 910.19_ 10.59737 Z.930 3.9_? 3188

1737.81 0.6969 670._7_ 989.0_k 10.8518_ 2.921 3.933 3293

18_E,_6 0.65_7 728.90_ 1067._1Z 11.08911 Z.895 3.90k 3397

1355.58 0.6175 786.&6_ 11_5.103 11.31122 2.859 3.865 3500

206_.0_ 0.58k2 &43.615 1221.957 11.51900 2.817 3.821 3601

2172.26 0.5536 899.698 1297.923 11.71391 Z. 775 3.776 3701

2260.2q 0.5276 953.92k 1373.012 11.89708 Z.73k 3. T3k 3796

2388.15 0.5032 1009°350 1_k7.285 12.06988 2.696 3.69_ 389k

2k99.67 0.k810 1063.03_ 1520._0k 12.23330 2.662 3.659 3987

2_03.k6 0._607 1116.068 1593.660 IZ.38811 2.631 $°627 k077

1710.95 0._421 1168.52q 1665.932 lZ._3578 2.606 3,600 _166

2810.33 0.42_9 1220.500 1737,705 12.67666 Z.583 3.$77 _2S2

2925.8_ 0°4089 1272.167 1809.161 12.81152 2.56_ 3,$57 k336

3033.02 0.39_2 1323.28k 1880.060 1Z,93995 2.549 3.5k1 _$8

3140.13 0.3805 1374.100 1950.733 13.06381 2.536 3.520 _698

32_7.19 0.3677 142_.876 2021.199 13.16332 2.526 3.517 k_77

3_1k.63 0.3392 1550.727 2196.452 13._6k16 2.507 3.k97 k766

3751.83 0.31k9 1675.69_ 2371.009 13.7Z312 z. kg6 3.k85 _966

_315.7_ 0.275k 1925.027 2716.863 1_.18793 2.46_ 3, k76 9289

5362.31 0.2102 2_21.6k3 3413.805 I_.96279 2.k89 3.k7_ 5901

10708.33 0.1100 3969.686 69k6.831 17.60_00 2.64k 3,630 8153

16032.07 0,0733 7756.105 10719.09Z 18.92000 Z.927 $.913 ?g&_

21355.4_ 0.0550 10002.7?6 1483_.613 Z0,19665 3,375 _.$02 11533

26678.69 O.Ok_O 1_973.692 19956.270 22,26701 5.0kl 6.231 1TiCk

40,L

I/

F

L

1 H J II li



2Z0 _SIA [SOBOR

T_ERMODYNAMIC PROPEPTIES OF PAPAHYD_OGEN

TENPERATURE DENSITY @(OHIDV)I> V(DPlOU) V -V(OPIDV) F

OEG. R LBICU FT BTUILB PSIA-CU FTIBTU P$1A

• 2S.762 G,86063 289.05 13.710 1W322.B9

2b 6.85307 289.95 13,662 1w?w?.3k

20 6,80026 207.62 13.216 1304E,77

30 _.7_318 _85.9_ 12,671 11937.37

32 6.b0220 285.21 12,17_ ]0976._9

36 k.61789 283,_8 11.75_ 10060,85

35 6.56979 280,_ 11,39_ 9187.36

30 6,_7799 Z75,94 11.069 831_,q_

60 6._01[_ _69._ 10,767 ?_19.09

62 _.31887 262._5 10._0_ 6570.q?

66 6.22996 25_.06 10.198 57_._7

60 _*13332 26k.77 9.898 _q2_.63

_8 W,02727 233,_0 9.568 _137.32

50 3.90901 221.0_ 9.182 337_.1_

02 3.77723 206,67 8.739 26_?._8

56 3.62211 190,85 8.233 19S1._1

56 3.63_08 172,_7 7.630 1317,30

$8 3.186_3 150.32 6,868 F_3.68

60 2.78300 120.69 5,717 Z_8,63

62 1.60688 95.85 3.021 W6.69

06 1,1807_ 106,03 6,063 88.92

66 1.01991 112.58 6,077 115.00

60 0,916Z6 1ZC.21 _,106 131.7_

70 0.86023 127.$9 _,087 1_._1

71 0.71697 165.69 6.052 16_.21

00 0,03200 162,90 k.003 178,16

80 0._7098 179.52 3.992 187,06

90 0.52316 195.78 3.900 193.52

95 0.68_26 211.88 3,866 198.W3

100 0.65175 Z27.97 3.788 20Z.Zk

LOS 0.62_00 Z6_.16 3.729 205.28

110 0.39995 260,70 3._65 207,73

11S 0.37002 277,70 3,596 209.75

120 0.36006 2q9.29 3.517 211._3

12S 0.3_328 313.56 3._36 212.8_

130 0.32816 332.$5 3.350 216.03

t_O 0.30166 373.00 3,171 215,93

[50 0.27976 _16.85 2.990 217.36

160 0.26088 _66.00 Z.816 218._1

170 0.2_6S1 516.12 2.655 219,26

100 0.23017 566.60 2.510 219.09

190 0,21751 621._9 2.379 220.38

_00 0.20621 677,22 2.270 220.78

220 0.18691 788.77 2,101 221.36

_| 0017101 097,06 1,987 221.72

260 0.15765 998.83 1.916 221.96

280 0.166_7 1092.16 1,878 222.11

300 0.13665 1177,13 1.863 222,19

320 0.12789 125_.32 1.866 222.2_

340 0.12035 1325.19 1,879 222.26

360 0,11365 1391,12 1.901 222.26

300 0.10788 11S3.31 1.926 222.25

600 0010230 1513.56 1,953 _ZZ.?2

620 0.09766 1_72.39 1,981 222,19

_60 0.09302 1630.77 2.007 222.15

660 0.08899 1_89,_ 2.031 _22.11

680 0.08030 1760.69 2.0_3 227,07

SO0 0.08190 1808.39 2.072 _22,03

$20 0.07827 1869.18 2.088 221.99

$60 0.07_68 1930.91 2.102 221.96

_60 0.07317 1993,81 2.113 221.92

580 0.07066 Z0S7.35 Z.123 221.88

600 0.06832 2121.78 2.131 _1,83

650 0.06309 2285,82 2.169 271.73

700 0.05861 2653,35 2.153 221,6_

800 0.05132 2F96.11 2.157 221.67

1000 0.06110 3692,69 2.1S2 221,22

2000 0002000 7280,65 2.019 220.64

3000 0.01375 11760.78 1.823 _ZG._3

6000 0,01031 17537.21 1.581 220,1_

SO00 0.00818 30889.25 1.068 218.13

TWO-PHASE BOUNORY

C-2b

(DVIDT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
L-

CONDUCTIVITY OIFFUS]VITY CONSTANT NUMBER

IlOEG, R BTU/FT-HR-R LBIFT'SEC SO FT/HR

X _0-'

0.09527&_ 0.0_552 1.?75 0.0061_ 1.25_+_ 2.1_13

0.0051113 O,OWEZ9 1.7_0 0.00619 1.29612 Z.0861

0,0018002 0,05122 1.520 0.006_0 1.2511_ 1.7807

0,0_6_ 0,05_9 1,]_6 0.00_W 1,2_793 1.5875

0.00666_ 0,_56_I 1.?0_ 3.00637 1.26_51 1.kS68

0.0071370 0,05809 1,092 0.00622 1.26089 1,3690

0.0076675 0.05923 0._97 0.00605 1.23708 1.303k

0.0_62808 0.06053 0.917 0.0059? 1.23307 1.2q_5

0,0090_0 0.06131 0,566 0.005?2 1.22879 1,2105

0.00988_0 0,0_167 0,7_ 0.00550 1.22_21 1,1891

0.010_763 0,06152 0.728 0.0052_ 1.21928 1.1830

0,02270_2 0.06102 0.b77 O.O0_q5 1.21393 1.1911

0.013_01_ 0.0_013 0.629 0.00_6_ 1.20809 1.2133

0,015_013 0.05889 0,58_ 0.00_2_ 1.20163 1. 2566

0.0t_8367 0.05725 0.5_0 0.0038q 1.19_37 1.3236

0.07327_5 0.05513 0._96 0.003_] 1.10591 1.6382

0.0]0719_ 0.05219 0._50 0.00_87 1.1F572 1.66+,7

O.O_&_l_9 0.0_977 0,_00 0.0022_ 1.16239 2,0162

0.1058673 0.05000 0.336 0.001_1 1.16007 3.0706

0.2?70098 0.05006 0.210 0.00117 1.07966 6.0077

0.0956828 0,03079 0.177 0.00262 1.05816 2.0639

0.0613120 0.02710 0.169 0.00386 1.06990 1.$682

0.0_69122 0.02565 0.166 0.00697 1.06683 1,3129

0.03839?2 0.02191 0.165 0.00605 1.06115 1.1688

0.0276311 0,02_63 0.167 0.00869 1.03696 0.9922

0.0221537 0,02667 0.172 0.01082 1.0308_ 0.9051

0.0187_05 0.02520 0.17r 0,01312 1.02783 0.8525

0,0163718 0.02590 0.103 0.015_ 1.025_0 0,8170

0,01_61_0 0.02668 0.1_0 0.01779 1.07557 0.7917

0.0152_2? 0.02753 0.196 0.02019 1.0219F 0.7727

0,0121_70 O.QZS_5 0.202 ).02260 1.02061 0.7_88

0.011265? 0.029_$ 0.Z08 0.02512 1.0196_ 0.7663

0,0101898 0.0305_ 0.21_ 0.02768 1001860 0.7363

0.0098360 0,0316_ 0.221 0.03025 1.01769 0.7292

0.009272_ 0.03276 0.727 0.03203 1.01667 0.7265

0,0087779 0.0338q 0,233 0.03538 1.01593 0.7219

0.007_87 0,03605 0,265 0.0_020 1.01665 0.7267

0.0072?68 0,03885 0.256 0.0_578 1.01357 0.7208

0.0067199 0.0_19_ 0.268 0.0_1%6 1.01265 0.7170

0.0062692 0.0650_ 0.279 0.05733 1.01189 0.7168

0.0050651 0.0522_ 0.308 0.0685? 1.0111_ 0.7036

0,005_910 0.05701 0.327 0.0768? 1.010S_ 0.7037

0.0011821 0.061_5 0,3k2 0.00692 1.00999 0.7036

0.00_6633 0.06918 0.368 0. L0062 1.00905 0.7035

0.00_Z_36 0.07551 0,387 0.11599 1.00828 0.7032

0,0038962 0.08056 0.606 0.13130 1.00763 0.7025

0.0036033 0.001_7 0._18 001_7_ 1.00708 0.7017

0.0053528 0.08766 0._31 0.162_0 1.00660 0,7009

0.0031357 0.00971 0._3 0.1703_ 1.00619 0.6993

_,002_k58 0.09166 0._56 0.19_63 1.00582 0.6980

0.0027781 0,09279 0._65 0.21126 1.00S50 0.696T

0.0026288 0.09390 0._75 0._2026 1.00521 0.695_

0.002_950 0.09_90 0,_8S 0.?_565 1.00695 0.6962

0.00237_; 0.09583 0._9; 0.263_2 1.00_71 0.6930

0,0072651 0,09679 0.503 0.28150 1.00_50 0,6920

0.0021696 0,09772 0.513 0.30012 1,00630 0.6911

0.00207_6 0,098?2 0,522 0.51906 1o00_12 0.6903

Q.0019910 0.09979 0.531 0.]38_0 1.0039_ 0,6096

0,001913_ 0,1009_ 0.9_0 0.3581_ 1.D0381 0.6889

0.001_622 0,10209 0.$69 0.3703[ 1o00367 0.6603

0.0017762 0,10335 0.$58 0,39889 1,0039_ 0.6870

0.0017168 0.10_6S 0.566 0._1980 1,005_1 0°6876

0,00165?5 Q,10599 0.979 0,k611_ 1.00330 0.6870

0.00[9299 0.10990 0,597 0._9657 1.00305 0. 6865

0,001_206 Q.11318 0.619 0.55_0_ 1.00283 0,68S7

0.0012_33 Q,12083 O.b&l 0.6773? 1.002_8 0.6850

0.000_9_2 D,13636 0.766 3.95_ 1.00198 0.6861

0,000_986 0,2772? 1.136 3.70703 1.00099 0.$392

0,0_033_7 0,39360 1.602 ?.31631 1.00066 0.530S

0.000_90 0.59527 1.800 12.29383 1.00050 0,511_

0.000201? 1,082_2 2.106 21. Z_709 1.00039 0,6369
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t

C-2b

230 PS[A ZS3BAR

TEMPERATURE VOLUME

3EG. R CU FT/L9

• 25.782 0.2056_

26 0.20591

28 0.20816

30 0.21066

32 0.21338

34 0021634

36 0.21988

38 0.22305

40 0.22690

42 0.23119

_.` 0.23600

46 0.24145

48 0.24771

58 0.25502

52 0.26377

5_ 0.27471

56 00Z8908

58 0.30987

60 0.34732

62 0.49189

64 0.75384

66 0.90156

68 1.8150_

70 1.11100

75 1.31759

80 1._971Z

85 1.66183

90 1.81701

95 1.96551

100 2010895

105 2024860

110 2,38525

115 2.51946

120 2.65166

125 2.78220

130 2.91131

140 3.16607

150 3o.`1715

160 3.66539

170 3.91139

180 _.15558

190 .`.39802

200 k.63934

ZZD 5.11896

2_0 5.59548

260 6.06567

280 605.`206

300 7.0130b

320 ?.48269

340 7.95181

360 8o.`1997

380 8.88750

.`00 9.35_49

• 20 9082L03

• 40 10028718

460 10.75299

480 11.21852

500 11.68379

520 12,1.`864

5_0 12.61359

560 13.07814

580 13.54255

600 14.00682

650 15,16701

700 16.32666

800 18064.`77

1000 23.27820

2000 46.4Z912

3000 69.57561

;000 92.79_10

5000 116.97147

• TWO-PHASE 80UNORY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

I$OTHERH I$OCHO_E INTERNAL ENTHALP¥ ENTROPY CV

DERIVATIVE DERIVATIVE ENERGY

CU :T-PSZAIL8 PSIAIR BTUIL8 BTU/L8 8TUILS-R 8TU

Z857.07 ?5.6033 -132.624 -123.866 1.19582 L.135

2951.9_ 75.6890 -132.289 -123.519 1.Z0921 L.1_1

2736,54 75.7.`18 -129.196 -120.330 1.32733 1.193

2532.75 7_.6841 -125.861 -116.889 1.44601 1.240

2359.61 73.3510 -122.293 -113.208 1.56479 1.28_

Z195,57 72.0180 -118,500 o109.287 1.68363 1.323

2035.06 70.5980 -11_..`68 -105.117 1.80277 1,358

1872.83 67.017_ -110.197 -100,698 1.92223 1,389

1708.27 67.2_52 -105.660 -95.997 Z.0_278 1..`15

1539.73 65.Z;_4 -100.833 -90.986 2.16_99 1.436

1375._6 6_.9739 -95.692 -850640 2.28932 1,455

1209.42 60.3623 -90.199 -790915 Z.41654 L.469

1046._3 57.3841 -8q.305 -73.755 2.5_760 1.482

883.61 53.9973 -77.q.`8 -67.087 2.68368 1o_9_

7Z1.29 50.1992 -71.017 -59.783 Z.82688 1.507

560.86 .`5.9.`43 -63.297 -51.597 2.98131 1.522

406.79 .`1.1367 -540479 -42.167 3.15270 L.5_2

261.95 35.4890 -.`3.867 -30.670 3.35431 1.571

1z0.34 28.159_ -29.338 -1_.545 3.62730 1.630

23._ 1602648 2.067 23.017 4.24107 Z.010

61.69 9.7887 32.965 65.071 4.91098 1.821

100.96 7.8389 _5,742 84.139 5.20463 10725

133.96 6.7654 54.496 97.726 5.40757 10661

162.34 6.0328 61.533 108.850 5.56887 1.623

223.65 4.89_0 75.720 1310836 5.88644 1.580

275.75 _.2051 87.586 151.348 6.13846 1.563

322._5 3.7206 98.303 169,080 6.35353 1.556

365.54 3.35k3 108.343 1850729 6.54391 1.555

402.01 3.0642 117.950 Z01.680 6.71620 1.559

_._3 Z.8257 1Z7.302 217.122 6.87485 1.567

_81.31 2,6279 136.436 2320203 7.02202 1.579

516.94 2,4594 145.460 247.048 7.16014 1.595

551.57 2.3138 154.439 261.743 7.29078 1.617

585.35 2.186_ 163._25 276.358 7..`1519 1.643

618.43 Z.8738 172.461 290,954 ?,53435 1.674

650.91 1.9733 181.586 3050578 7.64907 1.710

71_.37 1.8012 Z00.239 335.001 7.06769 L. 79.`

776.26 1.6589 219.607 365.142 8.07506 1.891

836.91 1.5388 239.853 395.962 8.27393 1,998

896.59 1.4359 261.087 427.872 8.46615 2.111

955._8 1.3_66 283.365 _60.$50 8.65290 2.225

1013,56 1.2676 306.764 494.075 8.83489 Z.339

1071.18 1.1982 331.1_6 528.73_ 9.01252 Z.4_5

1185,08 1.0807 382,722 600.737 9.35555 2.629

1297.61 0.9848 .`37.416 675.727 9,68152 Z.769

1409.11 0.9050 _94.315 7520821 9.q9019 2.863

1519.82 0.837_ 552.599 831.224 10.28060 2.91_

1629.89 0.779_ 611.431 910.115 10.55286 2.930

1739._6 O.TZ90 670.279 988.97_ 10.80743 2.921

1848.$2 0.6848 728.722 1067.388 11.04477 2.895

1957._3 0.6458 7860.`96 11450101 11.26695 Z.858

2065.97 0.6110 8_3._59 1221.975 11.47478 _.817

2174.27 0.5796 899.553 1297.958 11.66974 Z.775

2282.36 0.5517 95_.789 1373.064 11.85294 2.73.`

2390.28 0.5262 1009.223 1447.351 12002577 2.696

2498.05 0.5030 1062,916 1520.883 1Z.18922 2.662

2505._9 0._818 1115.956 1593.750 1Z.3_407 2.632

2713.22 0.4622 11680_29 1666.034 12.49176 2.606

2820.6.` 0..`_.`3 1ZZO..`O0 1737.817 12.63266 _.583

Z�Z_.Z1 0..`27_ 1_TZ.078 1809.288 12.76754 2._6_

3035,_2 0._122 1323.200 1880.L95 12.89598 Z.549

314_.56 0.3978 1314.101 1950.875 13.01985 2.536

3249.6_ 0.3845 1424.801 Z021.345 13.13937 Z.526

3517.13 0.3547 1550.661 219_.621 13._Z02.` _.507

3784.38 0.3292 1675.836 2321.18_ 13.67922 Z.496

_318.34 0.2879 1924.981 2719.057 14,L.`406 2._88

5385.00 0.2302 2422.612 3414.025 1.`.91894 _..`89

10711.1.` 0.1150 _969.677 &9_7.082 17.36018 Z.644

1603.`.91 0.0767 7756.073 10719.28_ 18.87617 _.92&

21358.29 0.0575 10881.037 14833,116 20.25235 3.370

26581.5_ O.O.`6O 14953.742 19935.530 22.21857 5.00_

408

CP VELOCITY

OF SOUND

/ 18-R _T/$EC

1.525 4291

L. 537 4292

1.66_, k.205

1.783 4107

1.899 _.021

2.02'0 3940

2.1_5 3859

2. Z79 3774

2. ',24 3683

2. 586 3583

2. ?63 3479

Z. 965 3363

3. 198 3235

I._+81 3088

3. 848 2921

_. 362 2729

5. 146 2508

6.529 2246

10,_61 1692

30. 898 1346

12. 282 1388

70771 1492

&. 120 1512

5.210 1554

_. 162 1652

30692 1737

3. _22 1813

3.249 1861

3.131 1943

3.0.` 7 2001

20989 2055

2.951 2105

2.929 2152

2.919 2195

2.920 2235

2.931 Z273

2. 974 2342

3. 041 2405

3. 125 2462

3.218 2517

3.317 2569

3.418 2819

3.513 2670

3.681 2772

3. 809 28"/'6

3.89k 2980

3* 937 3085

3.9.`8 3190

3.93 _ 3295

3o 905 3399

$. 666 3502

3.821 3603

3l 777 3703

3073k 3800

3. 695 3896

3. 659 3989

3.628 .`079

3.601 4168

3. 578 _254

3.558 .`338

305.`2 .`420

3.528 .`900

3. 517 4579

3. _97 4768

3.486 _948

3. _.77 528}'

3o _76 5903

3. 630 8254

3.913 9966

_,. 376 11335

6.189 12359

!
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TMEPHO@_'HAHIC PROPr_:TIES OF P_PA_Y_;_]G!N

Z30 PSIA ISOBA_

TEMPERATURE DENSITY V (DH/DV)] wt(OPlDU)\ -V (OPlZ) JI_ (_V/OT)!V THE qWAt JTSCO_ITY THERt'AL ]IELECTRIC PPANCTL
C_;NLI C TT¢ITY K][rf:U3 IV; TY ;;ONSTANI NUMBEV

DEG. R LBICO FT BTUILP PSIA-CU FT/BTU PSIA 1/[_Er:. P !iTU/FT-HP-: LB/FT-_rC _;Q rT/_p

25.782 W.86Zg5 Z90.07

26 W.85651 Z91.10

2@ _.80392 _88.76

30 _.7_?t0 Z8_.gg

3Z _.686_9 Z86,28

3W _,62ZWW 78_,60

36 _.55_?2 201.67 L$._lt

38 @._8_34 277.25 11.087

_0 h._0?l? Z71._E LO.78h

k2 _,32538 263.9h 10.501

hk W.737_8 Z55.72 t0._17

k6 W,1_1_5 _.C7 9.010

_B k,036_5 _35._ 9.593

50 3.92127 223.37 9._16

5Z 3.79121 ZO0.bl 8.78_

5_ 3.6_0Z5 193.8_ 5.293

56 3.W59_6 t?_.05 7.71_

58 3._Z?I? 155.52 2.001

60 Z.@7917 128.77 6.005

6Z Z.O@Z97 9@.?_ 3.9@1

6_ 1.3_653 102.6_ _.051

66 1.10919 111._1 _.097

68 0.9@5t8 119.03 _.14_

?0 0._0009 126.1_ _.179

75 0.75096 1_.35 _.08_

80 0.66T_5 161.71 4.0_q

85 0.60175 llB.k? 3.97W

90 0.55035 19_.85 3.919

95 0.508?7 211,_5 3.863

100 O.+?+L? ZZT.Z? 3.@03

105 O,kWh_? ?W@._B 3.7+3

110 O._lgZ_ 760.06 3.6?7

115 0.39691 277.11 3,606

_ZO 0.3771_ Z0_.TW 3.5?8

tZ5 0.359_3 313.03 3._6

130 0.3_3k9 33Z.06 3.359

tkO 0.31585 37_.57 3.179

150 O.Z0ZB_ _16._5 _.997

160 0.77_07 +63._3 Z.827

170 0,25566 513.79 Z.661

180 0.?_06_ 566.38 2.515

190 0.22737 621.k6 ?.383

Z00 0._1_55 _77.03 2.Z73

220 0.10535 788.6& 2.10_

Z_O 0.1?Br? 897.03 1.990

260 0.16075 998.91 1.91_

Z80 0.15_06 109_.30 1.880

300 0.1W259 1177,37 1.865

320 0.1336W tZSW.63 1.868

3_0 0.12576 1325.56 1.881

360 0,118T? 1391.55 1.907

380 0.11257 I_53.01 1.978

_00 0.106_0 I_1_.0_ 1.955

@ZO 0,10t@Z 1572.9_ 1.982

_kg O.OqFZ[ 1631.34 2.008

_60 0.09300 1590,05 _.037

k80 0.08_1_ 17_9.12 2.05_

500 0.06SS9 1809.05 2.073

520 0.08_31 1869.85 2.00_

5_0 0,079Z0 1931.6Z _.101

560 0.0T6_6 199_.53 Z.11_

5@0 0,07300 2058.08 2.1_k

_00 0,07139 ZIZ_.52 Z,13Z

&50 0.065_3 ZZ86.58 2.1k6

700 0.061Z5 2_5_.13 2,153

000 0.05353 2?96.9_ 2,157

1000 0.0_296 3W93.3_ Z.153

200@ 0.021_k T_81.kl 2.0_0

3000 O.01_@T 11761.3k 1.873

4000 0,01078 1T516.95 1.583

5000 0.00855 30690,01 1.075

13.70D 143@E.10 0.03_ 71 3.O_qb7

13.6E0 14336.10 O.OOq?Tq6 D.O_6X?

13.219 111_E.13 0.0357615 Q.0_I_ ?

12.680 12023.2? _.00_7117 0._5_50

12.192 11058.3_ 0.00603_ C.Oq_

11.?72 [D1_8.90 @.0070_: G.q_PI_

665q.q% 0.00_79_p 0.061:7

5878.?0 0,010_0q_ 0.06169

273h.55 0.0t535_ _.0575_

20_1.67 0.0_Z50_ _.05551

845.3_ 0.0q1_8_ Q.050J3

51.71 0.3145097 9.P587_

111._q 0.069_q_ 0.0_6_

13!,_ 3.051_IX4 0._?_66

1W_,12 0.0W17863 _.0_56 _

169.74 0.0?85325 0.07W_0

I@_.18 O.OZ?_Oq 0.0253Z

19_.03 3.0191753 0.025*9

201,18 0.01667_ 0.0Z61_

706.5? O.Ol_43]q 0.03_q5

_14.05 0.0122770 @._86_

?_6.73 J.0113_1 0.O?gBZ

718.02 @.010_? 0.03_69

?ZP.75 _.0_9_0_5 0.0317_

272.?B 0.009_ 0.0J29C

2_3.5_ O.O0_82q_ 0.0340_

225.63 0.007_0 0.0361_

227.16 @.00T_076 0.038q6

228.]3 0.00673_ b.O_?i?_

229.73 0.00626_3 0.04503

2_9.93 0.0059569 0.0_?_7

230._6 0,0055001 _.007q6

_@O.Mg O.O05t_q_ O.OEI_?

231.51 0.00_667_ 0.0_91_

731.90 9.0_66 G.07_51

Z32.16 0.00389_1 0.0605F

232.31 0.003b0_5 0.0@_W7

232._1 0.0033_]W O.O@TW_

232._ 0.00313ul 0.05q?:

232._8 _.0029_59 C.091_

232._@ O.OO_??qO 0.092_0

23?._6 0.0026286 G.Og3Q!

?32.43 0,002_q_7 0.09_!

Z32.40 0.002]?_ 0.095_

23_.36 0.00_76_8 0._967T

232.31 0.0071652 0.0_773

232._7 0.00207_1 0.0987_

Z32.Z2 0.0019905 0.099_0

232.17 0.0_19135 0.100_3

23Z.$5 0.0018_1@ 0.10211

232.10 0.00177_0 0.10337

232.05 0.00171_ 0.10_67

232.00 0.0016571 0.10601

231.89 0.0015295 G.10952

231.7_ 0.001_203 0.11370

Z31.61 0.001_10 Q.1_056

Z31._3 9.0009950 0.13639

230.70 0.000_9_5 0.77777

230._7 0.03033_ _ 0.39357

730.17 @.0002_08 0.55_17

Z28.10 @.000_017 1.072_?

1.rr_ _.0061_ 1.25w6_ ?.13?_

i._+_ ]._0621 1.75W31 2.0R_2

1.:,?_ J. O061.1 [,75135 1, T833

I.$5_ ].J06_ q I.?_1_ 1.590]

1,047 J.0067_ 1.2h115 1.3710

I.J+_? 0.00_0/ 1.23736 1.30_

O._G_ 0.00575 1.279!7 1.7o76

G.?_ 0.00502 1.22_5 ? 1.1_7_

_.73F _ J=00527 1,2196_ 1.1802

0.6P_ 3.00_q_ 1.21_3q 1.187I

U.h_ 3. L!0W67 1.20@52 1.207W

0.5_fl 3.O0_X_ 1.70226 1.2455

0.5_& @.003 o_ 1.1951X 1.3097

C._Ot 0.003_0 1.186_0 1.4161

0.,56 J.OO?q; 1.1770_ 1.6010

O.qO? J.0023 ? 1.1b_7 1.9137

_.3_ ).00i63 I.I_597 2.6658

0.2_ O.O@Ogh 1.10162 _.699_

_.1@q 0. _;210 _.06551 2. W380

0.175 0.93_3] 1.05457 1.7096

_.!70 0.00_ _ 1.0_@3_ I._06S

@,16_ _.005_7 l. Ohhl_ 1. 230_

O.iG_ J.0078 _ 1.03712 1.0190

O.IT] 0.01015 1.03761 O.q_lO

O.L?q 0.0123_ 1.02935 0.8632

0.I_ O.O1_ _ 1.076_ _ 0.02_@

_.190 0.016_) 1.02477 0.?977

0.1_7 @.01_1i 1.07007 0.777_

O._C? ]._3q- £.0203_ 0.7q95

0._I _ 0.3C6_q 1.PI_3_ 0.7089

O.?ZI J.O?_5_ 1.01_37 0.731_

0.727 3.0313N 1.017_6 0. 776_

0.233 0, J33_0 1.0166R 0.7736

0.745 0.33_q !.C1513 O.?2bl

O.?S? O. J43?P 1.01_ZO 0.721q

0.768 0.0_932 I. C132_ 0.7178

0.77_ _.05_85 1.01739 0.717_

0.308 3.06_ 1.01166 0.7045

0.327 0.073_? 1.1_1102 0.70_5

O.]q_ 0.q8117 1.010_ 0,7043

0.368 0.0q627 1.009_6 0.70_0

_._7 3.1109_ 1.C0_6_ 0.703o

0.40_ @._?ES_ 1.00?q? 0.7030

0._31 0.15_3_ 1,00690 0.700_

0._ 0.170_? 1.006_6 0,6qc5

O.WS_ 0.186_ 1.00_08 0.6g@2

C.W65 0.2071] 1.0057W 0.6060

0._75 u.21R_1 1.005W4 0.6955

0._85 0.?]505 t.00517 0.6943

0._94 0.?520? 1.00_92 0.69]_

0.50q O.?60&_ 1.00_TO 0._921

0.513 O.Z_T19 1.00_50 0.6912

0.ST? @.3053_ 1.00_31 0.690_

0._31 0.373_] 1.00_1_ 0.6896

0.5_0 @.342ZZ 1.00395 0.6850

0.5_ 0.36203 1.0@38] 0.6083

D.55_ 0.38169 1.00370 0.6079

0.566 0o_01T_ 1.00357 0.6@7k

0.575 3._7217 1.003_5 0.68?0

0.5q7 0._T_97 1.00319 0. b863

0.619 @._3025 1.00796 C.6857

0.661 3.5_@19 1.00_59 0.6050

0.74E 0._13_5 1.C0207 C.6@_2

t.t@_ ].Su611 1.00104 0.535_

1._e_ 6._986_, 1.00069 0.530?

1.501 11.75117 1.00052 0.5110

2.107 73,76_51 1.00001 0._37_

= TWO-PHASE BOU_OR¥
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|

C- Z J

?_Q _S[A 15_AR

TEMPERATURE VOLdME

3EG* R _U FT/LB

* 25.822 Q.2055W

2& 0,20576

28 0.20801

3D 0.21048

32 0.21319

34 0.21612

36 0.21932

38 0.2ZEr8

40 0,ZZ660

42 0.23805

44 0,23560

46 0.24097

48 0.24113

5O 0.25429

52 O.Z6Z83

54 0*27340

56 0.2&709

50 0.30_2

63 0.33865

62 0.42435

64 0.66351

66 0.82366

68 0.94101

70 1.03939

75 1.24313

BO 1.41922

85 1.579T7

go 1.t3044

95 1.8T_J5

100 2.0130_

105 2.1479b

110 2.2798L

115 2._0_20

120 Z.53658

125 2.6622R

130 2.10655

1_0 3.03162

150 3.27302

160 3.51157

170 3.74788

180 3.98239

190 4,21515

200 4.44679

220 _.90701

240 5.36_26

260 5,8L713

280 6.2?220

300 6,72387

320 7,174_0

340 7.62402

360 8.07200

380 8.52110

400 8.96880

_20 9.4160_

440 9,_209

460 10. _41

480 10./_64

500 11.20162

520 11.64738

540 12,09Z89

560 12.53815

580 12.98326

bOO 13.628Z4

650 14.54021

700 15.65164

800 17.87331

1000 22.31386

2000 44.50043

3000 66.68253

4000 88.93212

5000 112.08137

O TWO-PHASE BOUN_RY

TMfRMODfNA_]C PROPERTIES OF PARAHY3ROGEN

150THERM _SOCHORE INTERNAL ENTHSLDY ENTROPY CV CP VELOCITY

OE_IVATIVE " RIVATIVE ENERGY OF SOUNO

CU cT-PSI_/L:_ PSIA/R BTUILB orU/L_ 8TOILB-R BTU / LB -R FT/SEC

2_67._3 ?5.6349 -132.610 -123.476 1.19620 1,136 1.525 4297

2_6_.06 75.7052 -132.336 -123.191 1.20718 1.141 1.53_ 4301

2755.06 75.8091 -129.251 -120.007 1.32512 1.192 1,660 _216

2548,68 74._283 -125.925 -116,571 1.44362 1.239 1.780 4118

23?4.87 73.4961 -122,370 -112.895 1.56220 1.283 1.896 4032

2210.6_ 72.1658 -118,507 -108.982 1.68081 1.323 2.016 3950

2050.70 70.7504 -11_.569 -104.822 1.79968 1.358 2.140 3870

1808.28 69.1791 -110.314 -100.413 1.91886 1.388 2.273 3785

1725.28 67.41_1 -105.796 -95.726 2.03905 1.414 2.416 3695

1555.98 65._275 -1 _2 -90.733 2.16084 1._36 2.576 359_

1_92,6 = 63,1/96 - _1 -85.410 2.28463 1,_5_ 2.751 3493

1227.14 60.6001 -g_,_Z4 -79.715 2.41120 1.469 2.949 3378

1065.1 57.6623 -84.577 -73.594 2,54141 1,_82 3.176 3252

_03,7_ 5_.3335 -78.281 -66.98_ 2.67639 t._9_ 3.450 3109

742,27 50,6034 -71.433 -59.752 2.81809 1.507 1.801 2945

586.31 _6.4447 -63.84_ -51.69_ 2.47012 1.521 4.270 2762

433,57 41.7881 -$5.24_ -42._8g 3,13743 1.539 4.981 2550

282._o 36.3725 -45.04_ -31._30 3.33136 1,565 6.214 2297

15G.29 2_.6436 -31.74_ -16.694 3,58091 t,61] g.063 1978

42.34 1_._824 -8.878 9.981 _.01726 1.833 21,137 1504

49.94 11._051 25,590 55.07_ 4,73427 1,861 15.451 1386

89.5_ 8.7429 41.253 77.85_ 5.08527 1.7_7 8.825 1_48

123.71 7.435? 61.098 92.917 5.31024 1.64_ 6.660 1509

IS3.8_ 6,5654 58.806 10_.998 S.48541 1,63_ 5.557 1_57

216.33 S.2399 73,723 128.969 5.81662 1.58_ 4.308 1651

269.75 4.4732 ,970 14g.04_ 6.07590 1.566 3.779 1737

317._2 3.9424 927 167.13_ 6.29534 1. S_9 3._82 1813

361.25 T.5446 10/.135 184.0_0 6.48866 1.558 3.293 1881

_02.3_ 3.2318 116,870 Z00.169 6.66309 1.561 3.166 194k

4_1,24 2.9756 126.325 215.?9_ 6.82337 1.569 3.075 2001

W78.54 2.7640 135.5_0 230.994 6.97180 1.580 3.013 2056

514.5_ 2.5845 14_.633 2qS.951 7.11092 • 1.597 2.971 2106

549.49 _.4296 153.669 260.?38 7,24238 1.618 2.9_6 2153

583.5E _.2943 162.?06 _75.433 7.3674? 1.644 2.934 2196

616.89 2.17_9 171.783 290.098 7.48720 1.675 2.933 2237

649.$9 2.0686 180.9_6 304.7_5 7,602_0 1.711 _.942 _275

713,46 1.8868 199.663 33_.3_ 7.82179 1.795 2.984 234_

77_.68 1.7367 214.082 364.5_ 8.02976 1.892 3.049 2406

83_.62 1.6103 23_371 ]95.43. 8.22910 1.999 3.131 2464

896,54 1.5021 260.641 4Z7.203 8.42:_8 2,111 3.22_ Z518

955.65 1.4083 Z82.9_0 _59.933 8.60814 2.225 3.332 2571

L013,92 1.3252 ]06.381 493.709 8.79100 2.340 1.423 2621

1071.70 1.2524 ]30.787 $28.410 8.96885 2.645 3.517 2612

1185,89 1.1292 382.405 600.482 9.31221 2,630 3.685 2774

1298.65 1.0288 437.133 675.528 9.63843 2.770 3.812 2878

1410.35 0.9452 494.059 752.670 9.9_729 2.863 3._96 2982

1521.21 0.8745 552.366 831.112 10.23784 2.914 3.939 3087

1531.43 0.8138 611.218 910.037 10.510_2 2.930 3.950 3192

1741.12 0.7611 670.083 988.924 10.76k89 2.921 3.936 329T

1850.]8 0.7150 ?28.542 106T.364 11.00230 2.895 3.906 $401

1959.29 0.6142 ?86.329 11_5.049 11.22494 2.859 3.867 3504

2067.91 0.6379 8_3.303 1221._94 11.43243 2.817 3.822 ]605

2176.28 0.6053 899.408 1297.994 11.62743 2,7?5 3.778 $?05

2284.4_ 0.5759 954.653 1373.116 11.81068 2.734 $.735 3802

2392.41 0.5493 1009.096 1_47.41_ 11.9835_ 2.696 3.695 3898

7500.24 0.5250 1062.797 1520.962 12.14702 2.662 3.660 3991

_607.92 0,5028 1115.844 1593.841 12.30188 2.632 3.628 4081

2715.49 0.4824 1168.319 1666.136 1Z.44960 2.606 3.601 4170

2822.96 0.4637 1220.301 1T37.928 12.59051 2,584 3.578 _Z5_

2930.58 0.4462 1271.989 1809,415 12.72542 2.564 3.558 _360

3037.82 0.4301 1323.116 1880.330 12.85388 2,549 3,542 4422

3144.99 0.4152 1374.022 1951.017 IZ.97777 2,536 3.529 4502

3252.09 0._012 1424. T26 2821.497 13.09730 2.526 3.518 4581

3519.64 O.SF01 1550.$96 2196._85 13.37819 2.507 ],_98 4769

3V86.93 0.3435 1675.778 2371.360 13.63719 2.496 3.486 4950

_320.95 0.3004 1924.935 2719.251 14.10205 2.488 3.47? 5289

5387.70 0.2402 2_22.581 3_1_.2_2 14.87696 2,489 ].47E 5904

10713.95 0.1200 _969.668 6)47.334 17.31822 2.644 3.63C 8255

16037.75 0.0800 7756.042 10719.514 18.83421 2.926 3.912 9967

21361.1] 0.0600 10074,45_ 1_3_.730 20.20996 3.366 _.371 11337

26684.39 _.0480 14935.052 lgq ",.116 Z2.17228 4,96q 6.150 1236_
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THERMOOfNAMIC PROPERTIES OF PAP_HYBROGRN

2kO PSIA IS_8&R

yENPERATURE OENSTTY _(DH/DVIr, ¥(OP/OU) V -V(OP/DV)_ (O_/OT_/V THEPMAL VISCOSITY THERMAL OTELECTRIC PR&NDTL
i CONDUCTIdITY DIFFUSIVITY CONSTANT NUMBER

DEG. R LBICU FT BTU/LB PSIA-CU FTIBTU PSIA i/DEG. R BTUIFT-HR-R LB/FT-SFC SQ FT/NR
X 10 _

• 25,022 4.865_9 _91,10

26 4.85993 Z02.32

28 W.60756 290,09

30 4.750_g 288.06

32 W.69067 28/.35

3_ _.62695 285.?I

36 w.55962 282.89

38 w.waaB4 278.54

wO 4.W1297 _72.89

42 W.33101 261._L

44 W.2_4_0 257.35

46 4.1_985 2_7.84

_8 4,0W644 _37.41

50 3.932W0 225.6k 9._q

52 3.80_80 212.16 8.027

54 3.65?67 197.19 8,350

56 3.W8323 180.02 7.785

58 3.26350 160.00 7.120

60 Z.95290 13_.69 6.222

62 Z.35652 10_.06 _.603

64 1.50713 i01.96 W.066

66 1.21_09 109.73 _.123

68 1.06269 117.74 4.174

70 0.96210 125.30 4.176

15 0.80_W2 143.07 _.113

60 0.70461 16C.57 4.055

B5 0.63300 177._6 3.996

90 0.57_87 193.95 3.938

95 0.53352 210.25 3.880

100 0._0675 226.50 3.818

105 0.k65_6 242.82 3.757

110 0._3863 ZBB._5 3.690

115 0.41508 276.54 3.617

1Z0 0.39_Z3 29_.21 3.539

125 0.37562 312,53 3._56

130 0.35887 331.59 3.369

1_0 0.3_086 372.1_ 3.187

150 0.30553 416.07 3.004

160 O.ZBWT? 463.28 2.829

170 0.26682 513._? 2.666

180 0.25111 566.10 2.520

190 0.2372_ 621.25 2.387

200 0.22488 _T6.85 2.27?

220 0.20379 ?88.57 2.107

240 0o18642 697.03 1.992

260 0.17185 998.99 1.921

280 0.15_43 1092._7 1,082

300 0.1_872 1177.62 1.867

320 0.13938 I_5h.95 1.869

3_0 0.13116 1325.9_ 1.883

360 0.12387 1391.90 1.90_

38_ 0.11736 145_.29 1.929

400 0.1115_ 151_.51 1.956

420 0.10620 1573.49 1.983

440 0.10139 1631.93 2.010

_60 0.09_00 1690.66 _.033

460 0.09297 t749.7_ 2.055

500 0.00927 1809.70 2.07_

520 0.08586 1870.52 2.090

5k0 0.08Z69 1_32.32 2.10_

560 0.07976 1905.25 2,115

980 0.07702 2058.81 2.125

600 0.07447 2123._6 2.133

650 0.06077 2287.35 2,1W7

700 0.06389 Z;5_.BZ 2.15_

800 0.055_5 2707.7k 2.158

1000 0.04482 3_9_.20 2.15;

2000 0.02247 7282.36 2.020

3000 0.01500 11761.9_ 1.&23

_000 0,01124 17_98.05 1.585

9000 0.008_2 30_03.3_ 1.003

13.690 1_37._2 0.0052388 0.04583

13.657 IW42_.54 0.0052_ 0.04636

13.2_5 13245.12 0.0057235 0.05132

12.707 1210_.7_ 0.00617q7 0.05_62

12.210 11139.72 0,00659_ 0.0_687

11.780 10228.5_ 0,007055_ 0.0582?

11.428 0350.41 0.0075656 0.059_3

11.10_ 8_77.61 0,00_1602 0.0607?

10.801 761].6_ 0,000_547 0,O6158

10.518 6740.21 O.OOq?OTO 0,061_2

I0.2_5 5_11.11 0,0106053 0.06186

g.B_O 5002.37 _.0110002 0,061_0

g,618 _]10.18 0.013_7_2 0.06057

355_._2 0.0152879 0.059_0

282_.19 0.0179179 0.05_5

21_4.5_ 0.0216572 0.055_8

1510,22 0.0216703 0.05316

936._9 0.03853_2 0.05036

_3.TB 0,066796_ 3.04g00

99.?6 0.19929_ 0.05313

75.27 0.1515306 0.03901

108.71 0.000_210 0.0 3058

131.47 0.0565599 0.02781

148.05 0.04_3455 0.026_9

L7_.02 0.0301104 0.02538

190.07 0.0235341 0.0_538

200.93 0.0196208 0.025?8

208.76 0.01697q6 0.02639

214.65 0.0150562 0.02712

219.19 0.0135756 0.027_3

222.79 0.0124067 O+OZB?q

225.69 0.0114511 0.02970

228.08 0,0106524 0.030_5

230.06 0.0099720 0.031_3

231.71 0.0093562 0.0330_

233.12 0.00887T5 0.03_15

235.34 0.008017_ 0.03627

236.99 0.007328Z 0.03907

238.25 0.006?589 0.04214

239.21 0.006279_ 0.04523

239.97 0.00586_5 0.05230

240.54 0.0055092 0.05706

241.01 0.0051965 0.06148

2_1.67 0.00_6725 0.06919

242.09 0.00_2_95 0.0?552

242.36 0.0038990 0.00057

242.53 0.00]6056 0.08_48

2_2.63 0.00330_1 0.087_7

2_2.68 0.0031364 0.085?2

242.70 0.0020459 0.0_1_5

242.70 0.00_7779 0.09281

Zk2.68 0.002628_ 0.09392

242.65 0.00249_ 0.09k9_

2W2.61 0.0023737 0.00586

242.57 0.00_26_k 0.096?8

2k2.52 0.00216_8 0.09775

242.47 0.0020737 0.09575

242._Z 0.0019901 0.09982

242.3? 0.0010130 0.10095

242.3k 0.0010_13 0.10213

242.29 0.001r753 0.10339

_42.23 0.0017110 0.10_69

2_2.18 0.0016561 0.10603

?42.06 0.0015201 0.1095_

2_1.95 0.001_1q9 0.11323

241.75 0.00124 _7 0.12089

241.4_ 0.00099_7 0.13643

240.76 0.000_985 0.2?727

240.51 0.000332_ 0.39355

2_0.20 0.0002498 0.5531_

238.08 0.0002016 1.06275

1.781 3.00618 1.25W01 2.1336

1.756 0.30622 1.75W51 Z.092W

t.533 ].006_ 1.75155 1.7859

_.358 0.006_6 1.2_837 1.5931

1.217 _.0063_ 1.2_98 1._607

1.102 0.006?5 1.2_I_0 1.3722

1.006 3.00604 1.23763 1.30_3

0.925 0.00596 1.23366 1.2451

0.85W 0.005T7 L.229W5 1.2066

0.792 B.00555 1.224B] 1.1858

0._36 0.00530 1.22008 1.1776

0.686 3.0050 _ 1.21485 1.1834

0.637 0.00411 1.2091_ 1.2010

0.592 0.00_3e 1.20281 1.2372

0.548 0.O0_0_ 1.19588 1._972

0.505 0.003_8 1.18755 1.3003

0._61 3.90306 1.1783_ 1.5567

0.415 0.902_8 1.16602 1.8416

0.360 3.0018] 1.1499_ 2.3B72

0,281 0.03107 1.118_3 q.031_

0.204 0.00168 1.01_66 2.91_1

0.183 _.002_5 1.0590_ 1.9032

0.175 0.0039] 1.0522_ 1.5116

0.172 3.00_96 1.04722 1.2994

0.172 3.00733 1.03931 1.0_81

0.175 0.00953 1.0344_ 0.9379

0.180 0.01170 1.03089 0.87_4

0.185 0.01387 t.02817 0.8329

0.191 3.01606 1.02599 0.8038

0.107 0.01828 1.02_1_ 0.7822

0.203 0.0_05_ 1.02265 0.766_

0.210 0.02285 1.02133 0.7526

0.216 0.02523 1.02018 0.7415

0._22 0.02761 1.01916 0.7336

O.ZZ8 0.02998 1.01825 0.7203

0.234 0.03235 1.01743 0.?252

0.746 0.03686 1.01601 0.7275

0.257 0.0_19_ 1.01482 0.7_29

0.260 0.04726 1.01381 0.?186

0.280 0.05258 1.0129_ 0.1181

0.308 0.06269 1.01217 0.7053

0.327 3.07030 1.Cl150 0.7053

0.342 0.07773 1.01093 0.70_0

0.368 0.0921_ 1,00987 0.70_6

0.387 0.106_7 1.00903 0. T041

0._04 0.1_03_ t.00_3_ 0.703_

0.418 0.13451 1°00772 0.7023

0.W31 0.1_890 1.00120 0.7011

0.443 0.1635_ 1.0067_ 0.6998

0._5_ D.17850 1.00634 0.698_

0._65 0.19377 1.00599 0.6gTO

0._75 0.2093_ 1.00560 0.695?

0.48_ 0.2253_ 1.00539 0.6945

0._94 0.24166 1.00513 0.6933

0.50_ 0.2503_ $,00_90 0.6922

0,513 3.27534 1.00_60 0.6913

0.522 0.29272 1.00440 0.6905

0.531 0.31040 to00432 0.6857

0o5_0 0.32859 1.00415 0,6891

0.54q 0.34711 1.00400 0.6884

0.558 0.365q_ 1.00385 0.6870

0.567 0.3851_ 1.00372 0.68?5

0.575 0._0_18 1.00360 0.6871

0.097 0._55_0 1.0033_ 0.6063

0.619 0.508_0 1.00309 0*6058

0*66? 0.621_ 1.00270 0,6800

0.?46 0.87582 1.00216 0.68_2

1.136 3.39898 1.0010_ 0.5355

1._03 6. T07_q 1.D0012 0.6309

1.801 lt.25_26 1.00054 0.512_

Z.107 lg+3685_ 1.00043 0,439D

TW0-PHASE BO_NORY
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C-2b

250 DSIA ISDBAR

]EMPERATURE VOLUME

3EG. R CU FT/L3

" 25.862 0.20544

Z_ 0,Z0_62

20 0,2028_

30 0.21031

32 0.21300

3_ 0.21592

38 0.21908

35 0.22252

40 0.22631

;Z 0.23051

44 0,23520

k6 0.24050

48 0o2_&58

50 0.25359

92 0.26192

5_ 0.22215

56 0.28526

50 0,30332

60 0.33103

62 0,39337

6_ 0,57626

66 O.?SOZT

60 0.82201

70 0.99176

?5 1.174_3

00 1.3_93

05 1.50_31

90 1.65094

95 1,990_6

100 1,92494

t05 2.09544

110 Z,13207

115 2,30283

120 Zo43078

125 2,55201

130 Z,69103

140 2.90298

150 3.14045

160 3,37009

L?O 3.59?49

tSO 3.82309

190 4.0;69k

200 4.26968

220 4.21218

Z40 5.19|55

260 5,58864

280 6.0239;

300 6,45?8;

320 6.69061

3;0 7.322;6

360 _.?5356

380 8.]8403

_00 0.6169?

kZO 9,043k5

440 9.47256

_60 9.90132

_80 10.3Z980

900 10,75803

520 11.18604

540 11.61334

560 IZ.0;136

_80 12,460?Z

&O0 12,89595

650 13.96355

?00 15,0306Z

800 17.16357

1000 21._2667

2000 42,?Z604

3000 64,02089

WOO9 09.32915

5000 10T.58321

IWD*RHASE BOUWORY

TH[&HODfNAHIC PROPFP[I[S OF PAPAHY,DROGEN

ISOTHFRM ISOCHORE INTEPNAL FNTHALPy EhIROPY C'! CP VELOCITY

DERIVATIVE OERIVATIVF EN[RGY OF SOUND

CU FT-PSIA/L8 PSIAIR RTU/LD BTU/LB 8TUILB-W Bib I LU -P FTISEC

_977.7_ 25.5668 -I_2._96 -123.0_ 1.19_5_ i. ID_ 1o52_ 4303

2984.10 75.7214 -132.38_ -12_.453 1.20516 1.14_ 1.531 ;309

2773.48 75._759 -129.305 -119.683 1.32292 1.192 1.657 _226

255_.51 7h.9717 -125.988 -116.252 i.h_J1; 1.239 1.778 ;128

Z]90.OZ 73.6;03 -122.4_3 -L12.58] 1._5963 1.781 L.893 ;042

2225.60 72.3126 -It8.522 -10_.627 1.57_02 1.322 Z.01_ 3961

_066.23 70.9012 -1[_.669 -10_.527 1.?9662 1.357 ?.136 3881

1904.40 69.3391 -l[0.4zq -103.128 1.91_51 1.3m5 2.?67 379_

1741.73 67.5R54 -i05._30 -qs.494 2.035_7 I._1_ Z._09 3708

1_72.05 65.E087 -101.1_9 -90._7_ Z.1567_ 1._6 Z.567 3609

I409.63 63,3R27 -96.06fi -85.178 Z.Z_O00 1.h54 Z.239 3507

1247.71 60.533_ -30.6h5 -29.5L1 2.;0593 1.;E_ Z.930 3396

1083,59 $7.9355 -8&.8;3 -73.;29 2.535]2 !.481 3,155 3270

923._7 54.6624 -78.60_ -65.866 Z.55926 1.49, 3._20 3130

T6_.68 50.3966 -71.&36 -5_.711 2.809_ 1.50_ 3.759 2969

608.53 45.931_ -64.369 -51.77_ _.95935 1.520 _.200 2792

_5_.14 42.3975 -55.965 -;_.759 3.t?31& L.537 _.662 2586

31_.2_ 37.1999 -46.133 -3_.091 3°31023 1.56! 5.91_ 23;8

178.21 30.9267 -3].?30 -1_.369 3.5_264 1.601 R.167 2052

67.07 22.5315 -1;.991 3.220 3.8960_ 1.725 15.172 1653

42.95 13.4394 17.010 k],003 4.54015 1,802 10.577 1401

79.03 9,7879 36.208 21.0ZI _.95960 1.765 1_,105 1440

11;*02 0.1567 47,;63 _7.031 _.21076 1.69_ T.279 1500

145o01 ?.1209 55.802 100.468 _.399_1 I°6k7 5.92? 1955

209.15 5.6036 71.6_1 126.0;Z _.7_726 1.585 4.;6& 1690

263.07 4.7512 8&.326 1;6.70B 6.01_71 1.569 3.870 1137

312.4_ k.1705 95*533 16_,173 6._3869 1.561 3.54; 1813

357.05 3.7395 105,917 102.344 6.43504 1.56_ 1.339 1462

398.71 3.4026 115.782 190.623 6.6116_ 1._3 3.20] 1945

438,12 3.1280 1?5.3_4 Z14._56 6.T73_ 1.571 3.103 200?

47_.63 Z.90Z? 134.642 229.T95 6.92328 _.50_ 3.036 205_

512.20 2*7111 143.803 2;_.855 7.05340 1.598 2.39] 2107

_47.;6 2.5467 152.838 259.23_ I.19569 1.619 2.963 2154

581.81 _.4033 161.98_ 274,510 7.32146 l._;S 2.949 2198

615.39 2.2770 171.104 ?09.245 ?.44176 1.677 Z.�k? 2238

648.32 2.16;7 180.306 303.993 ?.55745 1.712 Z.99; 22_6

712.58 1.9730 199.086 333.706 7.77762 1.?96 2.993 2346

725.13 1.8150 218.558 363.939 7.98618 1._93 3.057 2408

53E.35 1.6021 238.890 39_.902 8.18_9A l.�qq 3.138 2466

896.53 1.5685 260.196 426.73_ 8.3/69_ 2.112 3.230 2520

955.8_ 1,;701 28Z.536 499.519 8.56630 ?.226 3.327 2573

1014.29 1.3830 305.999 _93.3k5 _.2488k Z.340 3._27 2623

1072.2_ 1.3068 330,_30 528.087 8.9Z6f19 _.;;_ 3.521 26T4

1186,71 ].1778 382.088 500.229 9.27058 ?*630 3.680 2776

1_99.71 l,OT2& _6.849 575.331 9.59705 2.720 3.014 2880

1_11.60 0.9855 _93,803 252,519 9.90610 2.86_ 3.898 Z98_

1522.62 0.9116 552.1_3 _31.001 10.19679 ?.9L_ 3.9;1 3089

1632.98 0.8_83 611,005 909.959 10.469_9 ?.93_ 3.951 3194

1742.79 0.7933 669.888 983.d76 10,12405 _.921 3.937 3299

1052.15 0.7_5_ 728.36! 106_.341 10.9615_ _.09_ _.907 3403

1961.16 0.7026 286,161 1145,099 11.L8305 2.85_ 3.868 350E

Z06_.85 0.66;7 843.140 1222.01_ 11.39179 _._17 $._23 3607

2178.29 0,6307 899.263 1298,031 lt.5860_ _.775 ].779 3?0?

2Z86.52 0,6001 95_.518 1373.16_ 11.27012 ?._3_ 3.736 3804

2394,55 0.5723 1008.969 1_7._8_ 11.94302 _.61 3.696 3900

2502._3 0.5_70 1062.678 1521.042 12.1065_ Z.662 1.661 3993

2610,16 0.5239 1115.733 1593.933 12.26141 _.632 3.629 4083

2217.77 0.5026 1168.214 1656.238 12._091_ 2.506 3.602 4172

2825.27 0*_831 iZ10.Z03 1735.040 12.55009 d._ 3.579 4Z58

293_.96 0.46;9 1271.900 1809.5_ IZ._850Z ?.=6_ ].558 43_2

3040.22 0.;_81 1323.032 1880,465 12.81350 >.5_9 1.543 4424

3147,;2 0,4329 1373.9_3 1951.160 12.93739 3._36 3.529 _504

325_.55 0._180 1424.651 2021,646 13.056_; 2.526 1.510 4582

3522.15 0.3096 1550.530 2196.940 13.33735 _.50_ 3.498 ;T?I

3209,_8 0.3579 1675,720 2321,536 13.59667 ?.;96 3._6 4952

;323.57 0.3130 1924.688 2P19._45 14.06175 ?.u_ _._?T 9290

5390.40 0.2502 2422.549 341_._59 14.83659 ?._q 3._76 9906

10216*76 0.1250 h969.659 59k7.585 17.27798 ?.6;4 3.530 0256

16040.56 0.0533 7756.014 10719.742 18.79395 2.926 3.912 9960

Z1363.98 0.0625 10877,967 1_30.h_ 20.1693_ ].36_ _.366 11339

26587.24 0,0500 l_qtT.wq5 19597._95 22.12797 _._36 6.113 12360

L

41_

| ii J i J li ]i ii II i ]] i[ ii H I I I .



250 PSIA IS3B&R

TEN=ERITJRE DENS[TY

_EG. R LBICU CT

IMERMOJVNAMIC PROPERTIES OF PARAHYOROGEN C-2b

V(3H/DV)_, V(OP/OU) V -V(DP/DV) T (OV/DTI/# THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
CONDUCTIVITY OI_FUSIVITY CONSIA_T N_MB£R

BTUILB PSIA-CU FT/BTU PSIA llOEG, R BTU/FT-HR-R Lg/FT-SEC 50 FT/HR
x 10-

25.062 4.86761 292.12 13.680 14494.66

26 4.86333 293.50 13.655 )4512.68

Z8 _.81110 291.,1 13.230 133.3.73

30 ,.75406 _89.12 12.725 12193.90

32 .,69.03 28P,41 12.227 11220.74

34 W.631,. 286.81 11.806 10307.72

36 ,.56,,0 28_,10 11.".. 9_31.Z6

35 ,..9390 279.82 11.120 _550.17

40 4._1873 27_.30 10.018 T696.?.

42 ..33817 _66.85 10.53. 6819.8,

4, ,.Z5163 258.96 10.252 5993.22

46 4.15F93 249.89 9.960 5187.08

46 4.055r? 239.34 9.6_2 .39..79

50 3.9_34_ 227.0. 9.281 36_1.66

52 3.81801 21k.61 8.868 2911.91

54 3.67442 200.11 0.406 2236.00

56 3.505_2 183.38 7.869 1599.06

58 3.29659 16_.65 7.230 1036.03

60 3.0136_ 1.1.82 6._10 537.96

6Z 2.5.212 114.81 5.138 170..9

64 I.TZT_k 102.57 ,.133 7,.20

66 1.33285 108.75 ,.160 105.33

68 1.14678 116.68 ..ZO_ 130.75

70 1.02906 IZ4.20 k.Z03 1,9.23

75 0.851,3 141.87 _.l,S 178.00

80 0.7_210 159..9 4.082 195.82

85 0.66476 176.50 .,019 207.?Z

90 0.605T2 193.10 3.958 216.27

95 0.558_9 _00.40 3.897 222.67

100 0.51950 225.81 3.833 227.60

105 0.,8651 247.16 3.771 Z31.50

110 o.wSell 258.07 3.703 23..6_

115 0.k3331 ?76.00 3.629 237.22

120 0._1139 293.70 3.550 ?39.35

125 0.39185 312.05 3.,66 261.1,

130 0.37k28 331.1, 3.378 _2.65

140 0.34308 371.73 3.195 245.0.

150 0.318_3 k15.69 3.012 246.02

160 0.29623 _62.9, 2.835 246.17

170 0.27797 513.16 2,67Z 249.21

180 0.26157 565.82 2.525 250.02

190 0.2.710 b21.0, 2.392 250.63

200 0.23421 576.68 2.Z81 251.13

220 0.2122_ 780.48 2.110 251.84

Z40 0.19_12 097.03 1.995 252.29

260 0.178_3 999.09 1.923 252.50

280 0.16600 1092.6, 1.685 252.76

300 0.15405 1177 .87 1.869 ?52.07

320 0.14513 I255.27 1.871 252.92

340 0.13657 1326.32 1.585 252.94

360 0,12897 1392.42 1.905 252.94

380 0.12Z19 145..77 1.931 252.9l

400 0.11609 1515.09 1.958 252.88

_20 0.11058 1_7_.0, 1.985 252.8k

440 0.10557 1632.51 2.011 252.79

k60 0.10100 1_91.27 2.035 252.7,

480 0.09681 1750.39 2.056 252.68

500 0.09205 1810.35 2.075 252.63

520 0.06940 1071.20 2.091 252.57

560 0.00610 1_33.03 2.105 252._k

560 0.08305 1995.97 2,117 252.48

580 0,00020 2059.54 2.126 252.43

600 0.07754 212..00 2.134 252.37

650 0.07151 2_88.11 2.1,6 252.24

_00 0.06653 2,55.70 2.155 252.12

800 0.05626 2798.55 2.159 251.90

1000 0.0,657 3_95.05 2.154 251.57

2000 0.023_0 7283.31 2.020 ?50.03

3000 0.015_Z 11762.56 1.823 250.55

k000 0.01171 17.80.35 1.588 250.22

5000 0.00930 30320.03 1.090 2,8.06

0.00_220] 0.0_598 1.7_k _.00619 1.2549" 2.1298

0.00521_6 0.0.639 1.76. 0.00623 1.25470 2.0966

0.0056863 0.05137 1.540 0.006._ 1.25176 1.7886

0.00614_3 0.05469 1.]6k 0,_06"7 1.24050 1.5959

0.0065629 0.05694 1.222 0.006,1 1.24521 1.4626

0.007015_ 0.05836 1.107 0.006_6 1.24165 1.3735

0.007_177 0.05954 1.010 0.00611 1.23790 1.30.8

0.00810_1 0.06080 0.929 0.00590 1.20396 1.2,50

0.00_7816 0.06171 0._58 0.005_0 1.22977 1.2057

0.0096203 0.06207 0.795 0.00557 1.22528 1.18,3

0.0105757 0.06203 0.739 0.00533 1.220W8 1.1751

0.0117260 0.06159 0.68_ 0.00506 1.21529 1.178.

0.013182_ 0.06079 0.6.0 _.00.75 1.?096B 1.1968

0.015010_ 0.05964 0.596 0.00,,2 1.2034_ 1.2295

0.0175131 0.0501, 0.553 O.O0_OS 1.19660 1.2856

0.0209890 0.05623 0.510 0.00364 1.1807b 1.3712

0.0265140 0.05361 0.,67 0.00315 1.17959 1.5242

0.0359061 0.05066 0.,21 0.00?60 1.16832 1.7703

0.0575853 0.0.910 0.370 0.00200 1.15313 2.2158

0.132154. 0.0_978 0._03 0.00179 1.12816 3.329,

0.1511160 0.04. Z0 0.Z_3 0.00138 1.08592 3.3791

0.0_29224 0.03_05 0.193 0.002_ 1.06503 2.1340

0.06238_7 0.02910 0.101 0.003_9 1.05646 1. 6327

0.0,77183 0.02739 0.176 0.000,9 1.05056 1.3739

0.011.675 0.02590 0.17, 0.00601 1.0,170 1.0796

0.0242636 0.02575 0.177 0.00897 1.036Z8 0.9556

0.0200770 0.02609 0.101 3.01107 1.03246 0.8860

0.0177908 0.02665 0.186 0.01316 1.0295, 0.8412

0.0152807 0.02734 0.192 0.01530 1.02722 0.8101

0.013743, 0.02013 0.198 0.017,9 1.02530 0.7671

0.0175366 0.028g7 0.?04 0.01961 1o02368 0.7704

0.0115541 0.02995 0.210 0.02186 1.0222R 0.7550

0.0107355 0.03101 0.Z16 _.02415 1.02107 0.7,_2

O.OLOOklO 0.0320R 0.722 0.02645 1.02000 0.7359

0.009_._T 0.03318 0.228 0.0267, 1.01904 0.7302

0.0089209 0.03_29 0._3. 0.03101 1.01818 0.7269

0.0050516 0.036]9 0.246 0.03536 1.01670 0.7288

0.00735_5 0o03917 0.258 0.0_025 1.01545 0.72,0

0.0067781 0.04225 0.269 0.0_537 1.01439 0.7195

0.00629,0 0.0,533 0.280 0.050G9 1.013,8 0.7186

0.0058601 0.05233 0.309 0.0601_ 1.01268 0.7062

0.00951R1 0.05710 0.327 0.067,3 1.01198 0.7060

0.0052075 0.06150 0.]_? 0.07,57 1.01135 0.7057

0.00_6769 0.06920 0.368 0.088"? 1.01020 0.7052

0.0042523 0.07552 0.387 0.10199 i.00940 0.7046

0.003901? 0.08057 0._0, 0.11551 1.00866 0.7038

0.0036067 0.08_,8 0.418 0.1791. 1.00003 0.7027

0.00335_7 0.087,7 0.431 0.1.296 1.00749 0.?014

0.0031366 0.00973 0._,3 0.15703 1.00702 0.7001

0.0029_60 0.09146 0.454 0.17140 1°00661 0.6986

Q.Q0_7770 0.09202 0.,65 0.18607 1.00624 0°6572

0.00762R1 0.09393 0.475 0.20107 1.00591 0.6959

0.002_941 0.09493 0._5 0.21641 1o00561 0.69,6

0.0023734 0.09587 0.49k 0.23208 1.00535 0.6934

0.00226"0 0.09600 0.504 0o24009 t.00510 0.6924

0.002164" 0.09776 0.513 0.264._ 1.00488 0.691,

0.0020733 0.09877 0.922 0.2811_ 1.00468 Q.6905

0.0019897 0.099_4 0.531 0.29019 1.00449 0.6898

0.0019126 0.10097 0.5,0 3.31559 1.00432 0.6891

0.001_409 0.10_15 0.5,9 0.33338 1.00,16 0.6_05

0.0017749 0.10341 0.550 0.351.9 1.00,01 0.6080

0.0017135 0.10471 0.56? 0.36995 1.0038_ 0.6875

0.0016562 0.10605 0.975 0.38077 1.00375 0.6871

0.00_2_7 0.10957 0.547 0.,3739 1.003,6 0.6863

0.001_195 0.11325 0.619 0.40830 1.00321 0.6858

0.001242_ 0.12092 0.66? _.59691 1.00281 0.6850

0.0009945 0.13646 0._46 0._,11_ 1.00225 0.6842

0.000_98, 0._7777 1.137 3.263,_ 1.00113 0.5357

0.0005326 0.39353 I._8_ 6,_3962 1.00075 0.5311

0.0002,9_ 0.55210 1.807 10.797_S 1.00057 0.5130

0.0002016 1.053_1 2.105 1_.5_59 _ 1.00049 0.4.02
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C-Zb

?60 PSIA ISOBAR

TEMPERATURE @OLUHE

3EG. R CU FI/L8

+ 25.90Z 0.20534

26 0,20548

26 0,20T69

30 0.21014

32 0.21281

3_ 0.21571

36 O.ZLSBB

38 0.Z22?7

40 0.22602

42 0.Z3016

44 0.23_81

46 0.24004

48 0.24601

50 0.25290

B? 0.76104

Bk 0.27096

55 0.28352

50 0.30053

60 0.32620

62 0,37543

64 0,50798

66 0.68149

68 0.80767

70 0.90092

75 1.11102

60 1.28137

85 1.43_70

90 1.87257

95 1.71327

100 1.84366

105 1,97010

110 Z.Og3k5

115 2.71_31

120 2.33314

125 Z,45027

130 ?,56598

140 2,79389

150 3,0LD13

160 3,23954

170 3.45871

160 3,67607

190 3.89170

200 _.10621

Z?O 4.53225

240 4.q6523

260 5.37590

280 5,74479

300 6.21228

3Z0 6.62865

340 7.0_411

360 ?.45881

380 7.07289

400 8,286_3

4?0 6.69953

440 9,11225

460 9,52463

480 9.93672

500 10,34856

520 10,76019

640 11,17165

560 11.50270

$80 11.99376

600 12,40462

650 13,43127

700 14.45738

800 16,5004Z

1000 20.60772

2000 41.08013

3000 51.56399

_000 02,0gB6Z

5000 103.43322

O TM3-PHA$( BOUMORY

THEPMODYNAM3C PROPERTIES OF PARANYOROGEN

ISOTHERH [SOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

OER|VAIIVE OERIVATIVE ENERGY OF SOUNO

_u =T-PSIA/LB PSIAIR BTU/LB BTU/L8 BTU/LB-R BTU / LB -R FI/$EC

2908.10 75.6990 -132.581 -1Z2.695 1.19697 1.137 1.525 4309

3000.07 75,7375 -132,_27 -122o534 1020315 1,1k0 1.529 4317

2751001 75.9425 -129.359 -119.360 1.32073 1.192 10654 4236

2580.26 75.1142 -126.051 -115,734 1.43888 1.239 1,775 4139

2405.08 73.7836 -122,516 -112.270 [.55?08 1.28Z 1.090 4052

Z2_C.k6 72,4584 "118,757 -100.372 1.62524 1.322 Z*OO8 3971

ZOB1.Bq 71.0518 -11k.767 -104.230 1.79357 1,3_7 2.131 389Z

1919.98 69,4983 -110.543 -99*84Z t.BlZZO 1.38Y 2.282 3808

1758.03 67.7531 -106.063 -75.181 2.03171 1,413 Z.401 3720

1593.67 65.7971 -101.311 -90.230 2.15249 1.435 Z, BB4 3625

1_26.39 63.5833 -96.249 -8_.944 2.27542 1.454 2. 727 3621

1265.59 61.0617 -90,862 -79,305 2,40074 1.469 2.915 3411

1101.68 50.2040 -05.104 -73.260 2.52935 1,48! 3.135 3267

9k_.76 54.9043 -78.922 -66,746 2,662Z7 1,493 3,392 3150

782,55 51.3795 -72.728 -59.660 2.00120 1.506 3.719 2992

629.95 47._009 -64,875 o51,829 2.44894 1.51B 4,137 26Z0

_81,63 kZ.9046 -56.653 -43,003 3.10938 1.535 4. T33 2623

337.60 37.9614 -47.125 -32.656 3.29085 1.5B7 5,697 2392

?0_.17 32,05_6 -35.431 -19,726 3.50907 1.591 T.483 2114

92,48 Z4,5456 -18,90_ -0,909 3,81799 1,667 12.209 1772

43.92 15.8033 8,194 32,655 4,35004 1,846 18,236 1456

70.16 10*9991 30*818 53,628 4.82752 1.779 11.567 1454

10_.70 8.9556 43,525 820458 5.10890 1.706 7.798 1506

136.37 7,?231 52.810 96.570 5.31354 1.659 6.343 1554

ZOZ.IZ 5.9940 69.862 123.052 5.67969 1.B42 4.639 1652

758.11 5,0397 82.654 144.346 B.98477 1,571 3.965 1737

307.6_ _.k057 94.124 163*147 6.18345 1.863 3°607 1813

357.83 3.9308 104.688 180,640 6.30290 1*562 3,386 1882

$95,18 3.8768 114,608 197.173 6,86172 1.565 3.237 1946

435.07 3.2830 174.358 213.121 6.72836 1.873 ].|32 2|03

473,19 3.042_ 133,740 228.591 6.07632 1.584 3.060 Za$6

$08,91 2.0393 142.971 _43,760 7,01747 1.600 3.011 210g

545,40 2,6651 152.125 258.733 7.18058 1.621 2.980 2156

580,11 ?,Sl3k 161,259 273.888 7,27703 1.647 2,964 2199

613.94 2.3801 170.425 288,394 7.3B79| 1.678 2.960 2240

647,09 2.2616 179.665 303,204 7.B1_08 1.713 2.966 2276

711,74 2.0598 198,510 333.022 T,73504 1.796 3,003 2340

77_.61 1.8938 218.033 363.341 ?,9441q 1.893 3.065 2410

836.17 1.7543 238.408 394.376 8,14446 2,000 3.144 2468

896.53 1,6353 259.751 426.270 6.33778 2o112 3°235 2522

956,07 1,5322 282.121 459,106 B.52544 2.226 3.332 2576

1014.69 1.4_11 305.617 _920983 8,708Z6 2.341 3.431 2625

1072.80 1.3613 330.072 527,765 8,88682 2.446 3.525 2676

1187.55 1,2266 361.7P2 599,977 9.23054 2.631 3,691 2778

130C.78 1.1170 436.866 678.138 9.55726 ?0770 30817 2801

141_.85 1,0Z89 _93.548 782,370 g.86649 2,864 3°900 2966

1524,04 0,9408 581.801 830.891 10.15733 ?,914 3.543 3891

1634.53 0.8828 610.793 B09,883 10,42994 2.931 3.453 3196

174_,46 0.8255 669.693 980*629 10.60480 Z.922 3.939 3311

1853.93 0.7754 728.181 1067,319 10,92237 Z.895 3.905 3+05

1_63.C3 0.7310 785.995 1145.098 11.|4474 2.855 3.069 3S|8

2071.80 0.691_ 842.593 1222.032 11.35273 2.818 3.824 3609

2180.32 0.6562 088.118 1298.080 11.54787 Z.775 3.780 3709

2Z88.60 0,62_3 954,383 13P3,221 11,73134 2,734 3.737 3016

2396.69 0,8954 1008.843 1447.852 11,40407 ?.696 3.697 3902

2504.62 0.5650 1062,554 1521.122 12,06761 2,667 3,661 3995

2_12.40 0.5_50 1115.621 1Sq_.02B 12.22282 2,632 3.630 4005

2720.05 0.5229 1168.109 1666.340 12,37028 ?,606 3*602 6174

2827.59 0.5025 1220.104 1738.153 12.51174 2,664 3.679 6260

2935,34 0,4836 1Z71.812 1809.671 12.646?0 Z.565 3.559 4344

3047.63 0,_661 1322,949 1800,601 12.77469 Z. BBO 3.543 _42_

3149.05 0.4499 1373.064 1951.303 12.89860 2.537 3,529 4606

3257.01 0.4348 1424,576 Z021,796 13,01818 2.526 3.818 4564

3524.66 0.4011 1550.46_ 2187.113 13,28907 2,507 3.498 _773

3792._3 0.3722 1675.662 2371.712 13.B8813 2.496 3,486 _g$3

4326,19 0,3_55 1924.842 2714,640 14.02303 Z,403 3.477 $242

5383.09 0.2602 2422.518 3414.676 14,79799 Z.488 3.476 6907

10718.58 0.1300 4969,681 6947,037 17,23931 Z,64_ 3.630 8267

16043.42 0.0867 7755.986 10719.962 18.75828 2.926 3.712 g96B

2136_.82 0.0650 10876,566 14029.248 20,13024 3.387 4.362 11341

26590.09 0.0820 14800.860 19880,751 22.08548 4.905 6.078 12372
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260 PSIA [S3BAR

TEMPERATURE OENSIYY

OEG* R LB/CU FT

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

V(_H/OV) V(DPIOU) -V(DP/OV)
P V T

8TU/LB PSIA*CU FT/BTU PSZA

• 25.901 4.86992 293.14 13.620 14551.80

26 4.866r2 244.67 13,653 14600.51

28 4.81429 291.73 13.235 13441.97

38 4.75871 290.18 12.743 12278.?0

32 4069896 189.47 12.244 11301.36

34 4,63509 287,90 11.823 10386,52

36 4.56931 285.29 11.461 9511.65

30 4.499[Z 281.09 11.157 8638.2_

48 4.41443 Z 75.70 10.83_ 77?8.28

42 4.3_61_ 168.82 10,512 6914.06

44 4,25868 260,5_ 10.270 607_.54

48 4,16590 151.62 9.980 5272.32

48 4,06494 241.2_ 9.666 4_78.27

50 3.95_17 229,99 9.311 3727.85

52 3.8308? 216.99 8.908 1997,_9

54 3.69068 202.9! 8.450 1324.88

68 3,52715 187.C3 7.9_0 1698.77

56 3.32743 168.60 7.328 1123.36

60 3,065Y? t47.55 6.570 632,0_

62 2,66361 112.51 5.529 246,34

64 1.96859 105.2_ 4.3k8 86._6

b$ 1.46237 108.16 4.11_ 102,95

68 1.23820 115,77 4,239 129.64

70 1.20021 123.22 4.132 150.04

75 0.90007 240.81 4.183 181.93

60 0o28041 158*k? 4,110 Z01.43

65 0.69701 _75.58 4.042 114,43

go 0.63389 192,28 3.978 223,22

95 O.S83&8 208.75 3.915 230.66

100 0.54240 225014 3.848 235.98

LOS 0.50759 241.57 3,704 240.19

110 0.4776& 258,30 3.716 243,57

LlS 0,45161 215.48 30641 246.34

120 0.42861 293.21 3,561 248.64

125 00400L2 311.59 3,_76 250.56

L30 0.309r2 330.70 3,388 252.18

140 0.35792 37103W 3,204 254,75

150 0.33133 415.36 3,014 156,65

160 0030069 _62,62 2.842 258,10

170 0.28913 512,86 2,678 259.21

180 0,27203 565.56 20531 260.08

198 0,25608 620.84 2.396 260.73

ZOO 0.24353 676,52 2.285 261,26

220 0022064 788.41 20113 262.02

248 0.20181 097,0_ 10998 262.51

Z60 0.18602 999018 1,926 262.81

280 0.17267 1092.82 1.682 263.00

300 0016097 1178,13 1.871 263.11

320 0.15086 1255.60 1.873 263,17

340 0014196 1326.71 1.886 263.19

3&O 0013407 1392085 1,907 263.18

380 0.12702 1_55.25 1.932 263.16

400 0.12068 2525,62 1.959 263,12

428 0,11495 1574,60 1.986 263.07

440 0.L0974 1633.10 2.012 263.02

468 0,10499 1591.68 20036 262.96

480 0.10064 1751.02 2.057 262,90

500 0.096_3 1811.01 20076 262.04

520 0.09294 1871.67 2.093 262.78

540 0o08211 1933073 2.106 262.75

560 0.08634 1996.69 2.118 262.69

560 0.08338 2060,27 20127 262,62

600 0.08062 2124,74 2.135 262.56

650 0.07445 2288.88 2,149 262,42

700 0.06917 2456.49 2.156 262.29

600 0.06058 2799.37 2.159 262.06

1000 0.04853 3q95.91 2.155 261.70

2000 0002434 7284.26 2,020 260.69

3000 0001624 11763.20 1.824 160.60

4000 0,01216 17463.75 1.590 260.25

5000 00009&? 30162.93 1,096 210.04

TWO-PHASE BOUMDRY

(DVIOTI/V THERMAL VISCOSITY THERMAL O[ELECTRIC PRANOTL

}_ CONDUCTI@ITY _|FFUSTVITY CONSTANT NUMBER

1/OEGo 9 BTU/FT-HR-R LB/;T-SFC SQ FT/rlP

X I0

0.0052020 0.0461_ 1.787 0.00621 1,2_507 2.1261

0000518T3 0,046_2 1.772 3,0052_ 1.2548_ 2.1009

0.0056_97 0.051_2 1,5_7 _.00_4¢, 1,25196 L.791_

0,0061174 0,05_75 1.370 _*00_4 _ 1.2_8fi0 1.5488

0.0065287 0.05702 1,22_ 0.006_2 1,2_5_ 1._6_6

0.006976_ 0.0_8_5 _.11[ I).001421 L*_L�_ 1*]748

0.007_700 0.05_6k 1.01_ 3.0_6_" 1.23317 1. 3053

0.0080_9_ 0.06100 0.033 _,GO_C_ 1,?]_?_ _,2_R_

0.0087106 0,0618_ 0.862 0.005_2 1.23008 1,20R8

0.80950_7 0,06222 0./99 _.0056_ 1.225bG 1.1812

0.0104622 0,06219 0,7_3 0.00530 1.2_087 1,1728

0,0115816 0.06178 0,_9_ _.0050_ 1.2_57_ 1,17_8

0,0129970 0*06100 0.64_ O,0OkTq 1.2101_ 1.19_0

0.0142406 0.05989 0.599 0.00_4_ L._0_06 1,ZZZ_

0.0171388 0.058_3 0.557 0,00_12 1.19?30 1,_75k

0,0203885 0.05658 8.51_ 0.00_71 1.1_96_ 1,35_2

0.0253034 0.0540_ O,_r2 0.0032_ 1,18076 1._88_

0.0337929 0.05100 0._28 0.002_ 1.16996 1,7202

0,0507161 0,0_919 0._79 _,0_21_ 1,15591 Z.0715

0.0996k32 0.0_861 0._19 0.001_ 1.13_90 ?.8865

0,1827878 0,0_7_1 0,Z_5 0,00_2E 1.0982_ 3.57_7

0.1068449 0,03590 0,?0_ 0.00200 1.0726_ Z.3922

0.0690825 0,03056 0.188 0.0030_ 1.06105 1,7728

0,0914791 0.02818 0,181 0.00_0_ 1.05_[2 t,_582

0.0329474 0,01645 0.177 0.0063k L.04412 1.1154

0.0150191 0.02614 0,_78 0.0084_ L.03818 0.974_

0.0205435 0.02640 0,183 0.01050 1,03_05 0.0981

O.OL?60b_ 0.02691 0.188 ].0115_ 1.03093 0,8497

0.01550?2 0,01757 0.193 0.01459 1.018_6 0.8165

000L39110 0,01833 0,199 0.01668 1.01643 0,7920

0.0126668 0,02916 0.209 0.01877 1.02471 0,77_3

0,0116570 0,030[2 0.211 0.020_ 1.02325 0.7591

0.0L08185 0.03117 0.217 0.02316 1.02192 0.7469

0,0101089 0,03213 0,223 0.0253 x 1.0206_ 0.7381

0,809_990 0,03332 0,229 _,0225_ 1.0198_ 0,7321

000089680 0.034_2 0.235 _,0292_ 1,0189_ 0,7285

0.0080856 0,03651 0.247 0.0339? 1.01738 0.2301

0,0073787 0*03918 0.258 0.0386_ 1.01608 0,7190

0.0062971 0.04235 0.26_ 0.0_363 1.01_9_ 0,7203

0.0063002 0.0k542 0.281 0.0485_ 1.01402 0,7194

0,0058915 0,05236 0,309 0.05777 1,01319 0.7071

0.0055269 0.05712 0.327 0.06k79 L.C12_6 0,?068

0.0052105 0.06151 0.341 0.071_5 1.01180 0,706_

000046014 0.06921 0,368 0.08498 1.01069 0,7057

0.00_2551 0,0?552 0.388 0.09805 1.00972 0.7051

0.0039035 0.08057 O,kO_ _.11106 1.0090! 0,70_?

0.0036078 0.08448 0._18 0.11_17 1.00835 0.7030

0,0033553 0,087_8 0._31 0.13740 1.00T79 0.7012

0.0031369 0.08924 0,_3 0.15102 1,00730 0.7003

0.0029_60 0.091k? 0._5_ 0.16_85 1.00687 0,&989

0,0027776 0.09283 0.465 0.17897 1.006_9 0,697_

0.0026279 0.09395 0.479 0.193_0 L.0061_ 0.6961

0o0024438 0.09495 0.485 0.Z0_16 1.0058_ 0,69_8

0,0023?30 0.09588 0,494 0.2232_ 1.00556 0.6436

0.0012636 0.09681 0.504 0.23865 1.00531 0.6425

0.0021639 00097?8 0.513 0.25_38 1.00508 0.6015

0,0010229 0.098?9 D,SZ2 0.270_ 1.00_87 0.6906

0,0019892 0.09986 0.531 0,2868_ L.00_67 0,6899

0.0019122 0.10099 0.540 0.30350 1.00_9 0,6092

000018404 0*10217 O,_g 0.32071 L.00433 0.6885

0.0012744 0,103_3 0,558 _.33813 1.00_17 0,6880

0,0012130 0.10423 0,567 0.3558_ 1.00_03 0.68?6

0.0016558 0,10607 0,576 0.37_00 1.00390 0.6872

0,0015283 0.10959 0,59? 0._?022 1.00360 0.6864

0.0014192 0.113Z7 0.619 0,46975 1.0033_ 0.6858

0.0012421 0*11094 0.66? 0.57k23 1,00Z93 0.6850

0,0009943 0.13649 0,?_6 0.80921 1.0023_ 0.6842

0*0004483 0.27717 1,137 3,13833 1,0Q118 0.5358

0.0003326 0.39351 1._84 6.19Z37 L.00078 0,5313

0.0001498 0.55127 1,803 L0.32636 1.00059 0.5134

0.0002019 1,0_538 2.109 12.78879 1.00047 0.4414
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270 PSIA I$08&R

TEMRERATURE VOLUME

OEG. R CU FT/LB

• 25,9_2 0.20Y2_

26 0.20533

Z8 0.20T54

30 0.2099?

37 0*21263

34 0.21550

36 O.ZI06Z

38 0.22201

kO 0,27573

;Z 0,Z7083

;; 0,234;3

46 0023_50

48 0.245_6

50 0.25224

52 0.26019

54 0.26982

56 0.28[90

58 0.2979?

60 0032141

6Z 0.36245

64 0.q5001

66 0061820

68 0074T61

70 0.85043

75 1.05445

80 1.22013

85 1.37030

90 1050970

95 1.64178

100 2.76846

105 1.89115

110 2.01072

115 2.12778

120 2.24281

125 2.35613

130 2.46802

140 2.68830

150 2.90_91

160 3.11S69

170 3.33023

180 3053998

190 3.74?96

200 3095488

220 4.36570

2_0 4.77346

760 5.17893

280 5,58262

300 5.98_97

320 6.36611

340 6.78638

360 7,13590

380 7.58400

400 7*98317

420 8.38109

440 8.77663

460 9017534

480 9.572?6

500 9.96943

520 [0,36588

540 10.76222

560 11015818

580 11*55399

000 11,q4967

650 12,93642

T00 13,92659

800 15090180

1000 19.84944

2000 39.57t55

3000 59.26908

kO00 79.06306

5000 99.59119

TMO-PHASE 9OUqORY

THERMODYNAMIC PROPERTIES OF PARAHYDROCEN

ISOTHERM ISOCHORE INTERqAL ENTMALPY ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUNO

CU FT-PSIA/LO PSIA/R BTU/LB BTU/LB 8TU/LO-R BTU / L8 -R FT/SEC

2998.39 75.7316 -132.566 -122.305 2.19735 1.130 1.525 _325

3015.97 75,7536 -132.472 -122.206 1.20116 1.140 1o526 4325

2810,05 76.0087 -129.412 -1170036 1.31856 10191 1.051 4247

2595,92 75.2560 -126.113 -115,615 10W3653 1.238 1.773 4149

2420,04 73,9260 -122.588 -111.958 1.55454 1.282 1.887 4062

2755,72 72.6032 -118.841 -100.066 1.67248 1.321 2,005 3981

2096.9_ 71.2009 -I14.864 -103.9X4 1.79056 1.356 _.127 3903

1335.44 69.6560 -110,655 -99.555 1090891 1.387 Z. ZS6 3820

1774.18 67.9194 -106.193 -94,908 2.02809 1.413 Z.39A 3732

1_1C.30 65.9770 -101.463 -89.97_ 2.14847 1.435 2.545 3638

1442.95 63.P814 -96.429 08_.708 2,2709I 1.459 2.716 3534

1283.22 61.2872 -92.075 -79.096 2.39562 1.469 Z.900 3426

1119.47 $8.4679 -85.359 -?3.087 2.52347 1._81 3.117 3303

_64.75 55.2921 -?9,_24 -66,613 2,65559 1.493 1.360 3171

507.07 51.7523 -72.609 -590600 2079308 1.505 3.668 3019

650.69 47.8542 -65,362 -51,872 2.93888 10518 N.080 2847

504.73 43.5421 -57.299 -43.205 3.09642 1.533 4.632 2656

364,04 38.6877 -48.054 -33.157 3.27266 1.553 _.47k 2438

232,86 33.0725 -36.929 -20.059 3.48099 1.58_ 6.975 2180

117,61 26.2130 -22,125 -_.OOT 3.75?06 1.643 10.455 1862

52.80 1801608 0.630 23.529 4.19350 1.794 17.322 1537

63.93 12.3910 24,897 550_05 4,69077 1.764 15.002 1469

96.61 900410 39.426 76.804 5.00460 1.720 8. T76 1511

I28,15 8*3753 49,585 92.103 S.27648 1.671 6.002 1555

196,59 6.3946 07._75 120.194 5.61485 1.598 4.810 1656

252._8 5.3388 80.953 141.955 5.8959S 1.574 4,064 1738

302,92 4.6466 92.698 161.203 6.12950 1,566 3.672 1814

$48,91 4.1430 103._49 170.978 6.33214 1.564 3.433 1863

391.73 3.7545 113.567 I9S.670 6.51321 1.567 3.274 1947

432.09 3.4405 123.360 211.785 6.67656 1.575 3,161 200S

470.62 3.1846 132.836 227.337 6,83082 1.500 3.004 2059

507.68 2,9692 142.137 242.667 6.97299 1.601 30031 2110

543.50 2,7848 151.350 257.732 7.20693 1,622 2.998 2157

570.46 2.6247 160.536 2720669 702340? $0640 2.979 2201

612.53 2.4840 169.746 287.544 7.35552 1.679 2. q73 224?

645.91 2.3593 279.024 302,41? 7.47219 1.714 2.977 2260

710.93 2.1472 197.934 332.340 7.69392 1.797 3.017 2350

774.13 1.9730 217.509 36Z,749 7.90367 1.894 3.07? 2412

835.91 1,8269 237.927 393.652 8010440 2.000 3.151 2470

696.57 1,7023 259.306 4250807 0.29809 2.113 3.741 2524

956.31 1.5946 2810706 458.695 8.48605 2,226 3.337 2577

1015.11 1.4993 305.236 497,672 8.669_4 2.391 3.436 2627

1073.39 1.4160 329.715 527.446 5.84762 2.447 3.529 2678

1188,41 1.2755 381._56 599,726 9019197 ?.631 3.694 2700

1301.86 1.1612 436.284 674.941 9,51892 2o771 3.020 2883

141;.13 100663 493.293 7520222 9082834 2.864 3.902 2q80

1525.47 0.9661 051.669 830,782 10.11933 2.914 3.944 3093

1636.10 0.917_ 610.581 989,807 10.39206 2.931 3.954 3198

1746,15 0.0578 669.498 988.782 10.64701 2.9?2 3.940 3303

1855.77 0.8056 728.001 1067.297 10,88465 2.896 3,910 3407

1964.90 0,7595 785.026 11450099 11.10708 2.859 3.870 3510

2073.76 0,7184 842.838 I222.053 11.31513 2.818 3.825 3611

2182,34 0,6816 898.974 1298.106 11.51027 2.775 3,780 3711

2290.69 0.6485 954.248 1373.279 11,69363 20734 3.737 3308

2398.84 0.6184 1008.717 1447,619 11,86659 2.696 3.697 3904

2506.81 0.59[[ 1062.441 1521.203 12003015 2.662 3,662 3997

2614.64 0.5660 1115.510 1594.117 12,16509 20632 3.630 4007

2722.33 0.$431 1168.005 1666.443 1Z033287 Z.606 3,603 4176

2829.91 0.5219 1220.000 17380260 12.47380 2.58_ 3.530 _267

2937,72 0.5022 1771.723 18090798 12,60884 2.565 3.559 4346

3045,04 0,4841 1322.365 1680.737 [2.73734 2.550 3.543 4428

3152,29 0,k672 1373.765 1951.446 17.86126 2.537 3.530 4508

3_59,47 0.4515 1424,502 2021,946 17.90083 2.526 3.516 4566

3527.17 0.4165 1550.399 2197.277 13.26179 2.507 3.498 4775

3294.59 0,3866 1675.605 2371,088 13.52004 20496 3._86 4955

4328.81 0.3380 1924.797 2719.634 13.98570 2.488 3.477 5294

5395.79 002702 ?422.487 3414.893 14.76076 2.489 3.4?6 5909

10722.39 0.1350 4969.642 6948.088 17.20210 2,644 3,630 8258

16046.25 0.0900 7755.960 10720.718 18,71807 2,9?6 3.91_ 9970

21369.66 0,0670 10875.244 14620,135 20,09267 3.353 4.357 11342

26692.93 0.0540 14885.353 19864,563 22.04466 4.676 6.046 12377

416
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d

270 PSIA ISOBAR

TMERMOOfNA6IC PROPERTIES OF P_R_HYOROGEN

TEMPERATURE OE_SIIY V(OHIDVIp V(DPIDUi V "V(DPlDV) F

DEG. R LBICU FI BTUILB P$1A-EU FTIBTU PSIA

• 25.9_2 _.07223 29_.15 13.661 1_608.86

26 _.07009 295.03 13.651 1_688.0_

28 _.81017 20_.03 13.2_0 13530.01

30 _.76253 291.23 12.760 12363.1_

3Z _.70306 290.51 12.261 11351.61

3_ _.6k031 288,90 11.8_0 10h64.91

36 _.57h10 286._8 1t._77 9591.61

30 _.50_29 282.35 ii.153 0717.81

kO _._3000 _77.07 10.850 7050.77

62 k.35096 270,31 10,568 7006.34

6_ _.26563 262.10 1C.287 6155.11

66 _.17375 Z53,hl 9.990 5355.8_

68 _.07395 Z_3.10 9.680 4560.6h

50 3.96_;3 _32.4_ 9.340 382_.67

_Z 3.0k339 210.87 8.9_6 3101.M9

5_ 3.70618 20_.58 8.500 2411.38

56 3.54r39 i9C.27 8.006 1708.70

58 3.35607 172.87 7.421 1221,75

60 3.11127 152.80 6.712 Z2_.h_

6Z 2,75897 129._2 5.701 324,_?

64 2,18338 100.96 4.637 115.20

66 1.61759 108.51 4.29_ 103.41

68 1.33700 115.23 4.270 129.22

70 1.17587 122.39 4.263 150.69

75 0.9_836 1_0.25 _.210 186._

80 0.81959 157.51 _.130 _06.93

65 0,724T7 i74.71 4.066 221.06

90 0,66_39 191.50 3.998 231,11

95 0.60909 208.05 3.933 238.60

100 0.565_? ZZ_.51 3.863 Z_.33

105 0°52878 2_0.99 3.799 2_8.85

110 0._9_3_ 257.76 3.7Z9 252._g

111 0.6699_ 27_.97 3.653 255._6

120 0.64587 292.7_ 3.57_ 257.02

125 0.624N2 311.15 3._0T 25g.97

130 0._05t8 330.2_ 3.397 261.71

160 0137190 370,96 3.212 264.45

150 0.36_2q kl_.g9 3.026 266._9

160 0.32065 _62.30 2.848 268.03

170 0.30020 512.50 2.683 269.22

180 0.202_9 565.31 2.536 270,15

190 0.26681 520.66 2._00 2TO.Ok

200 0.25285 676.37 2.209 221.41

2ZQ 0.22906 788.3_ 2.117 272.22

ZkO 0,20_9 097.06 2.001 272,73

260 0,19309 999.29 1.928 Z73.05

280 0.17_13 1093.01 i.88g 2_3.25

300 0.16709 1178.39 1,873 273.37

320 0.15659 1255.93 1.875 273,_3

360 0,1k735 1327.10 1.000 273.45

360 0.13916 1393,29 1.909 2T3._k

380 0o13t0k 1_55.74 1.03_ 273.41

kO0 0.12526 1516.1_ 1.961 2?3.3?

620 0.11932 1575.16 1.988 273.3_

kkg 0,11341 1633,68 2.01k 273.26

660 00108]0 1692._9 2.037 273.20

680 _o10_46 1751.66 2.059 273.13

500 0,10051 1811.66 2.077 2F3.07

520 0,096k7 1872.55 2.094 273.00

5k0 0,09292 193_._ 2.107 272.97

560 0.08962 1997.41 2.119 272.90

580 0.08655 2061.00 2.1_8 272,83

bOO 0,08358 2125._9 2.136 27Z.77

6_0 O.OFTZg Z28g.65 2.1k9 272,61

100 0.0_101 ZW57.28 2.157 272,;7

800 0.06209 2800,19 2.160 272.22

L§O0 0°05038 3496.76 2.155 271.0_

2000 0.02527 _205,21 2.021 270.96

3000 0.0166? 11763.07 1.82_ 270.6_

_000 0,01265 176k8.1_ 1.592 270.29

5000 0.0100_ 30007.10 1.103 268.03

TWO-PHASE 80UNOR¥

C 16

(DV/DT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCTI_ITY DIF_USI#ITY CONSTANT NUM6ER

i/DEC. _ BTUIFI-HR-R L_]/FT'SEC _U FT/H;_

3.D0623 1._5520

J. POE2 _ 1.25508

O.0Oh_l 1.252L6

0.006_ 1.?WgO2

Q,00643 i.2h56_

0._067] i.2W215

0.3_F|_ 1.2384q

3.0_01 1.3TwS_

_.305_ 1.2304_

0.00_3_ 1.7212_

O.OQ_I _ 1,31617

B. _i, 5Z 1.21066

0.0_51 1.20_63

_.00_I_ l._gTgg

0._037_ l.lgO_g

0.0_331 1.1_1_6

0.002_ 1.17151

0.0023_ 1.15_35

0.001_ 1 13960

0.001_? 1 _00_8

3.002_ 1 06607

0.0036_ 1 05792

0.005q2 1 04653

0.007q_ 1 0_01_

O.00ggT 1 03567

0.01195 1 03234

O. o13q_ I 02071

0.015g7 1.02756

0.01800 1.02576

0.02010 1.02421

0.0222_ 1.02207

0.02_3_ 1.0216g

0.0265Z 1.0Z06_

0.0286_ 1.01969

0.0326q 1.01807

0.0372_ 1.01571

0.0u202 1.01556

0.0W677 1.01457

0.0555_ 1.01370

0.0623_ 1.0129_

0.06896 1.01226

0.081_0 1.01110

o. gg_3q i.01015

0.10_q_ 1.00935

0. L105_ 1,00067

3.132_0 1.00809

0.1_ 1.00750

0.15879 1.00713

0.1723g 1.00673

0.18630 1.00618

3.70052 1.00606

0._150_ 1.00577

0.2zqqo 1.00551

0.2_06 1.00527

3.260_ 1.00505

_.Z7635 1.00_S

o.?q_ 1.00466

O. SOOg_ 1.00;_9

_.]2576 1.00433

0.3_28_ 1.00_18

0._b002 1.00_0_

0,40534 1.00374

0.45257 1.003_7

0._32] 1.0030_

0.77961 1.002_3

3.022_ 1.00122

_.063_3 1.00001

g. 0067_ 1.00061

17.0896_ 1.000_8

X 10

0.00510_0 0.3_62g l.VgO

3.00515?5 0.0_646 1.781

0.0056137 0.051_7 1.55_

0.0060871 0.05_81 1.]76

0.006_g52 0,05710 1.233

0.006937_ 0.05_5_ 1.116

0.00_232 0.05q7_ 1.qlO

0.0_70001 0.06112 0._37

0.00_6_I_ 0,06197 0._66

0.00q_16_ 0.06237 0._03

0.010362_ 0.06236 0.7_7

O.OtI_30 _.06196 O,6g_

0.0128201 0.06121 0.6_8

0.01_4667 0.06012 0.603

0.016_8_1 0.05870 0.561

0.0198_5% 0.05601 0.510

0.0243k20 0.054_6 0._77

0.0316659 0.051_? O.k3_

0.0456494 0.0_956 0,_7

0.000_860 0.0_830 0.332

0.1575Z09 0.0480_ 0.26S

0.1103237 0.03834 _.217

0.0761617 0.03221 C.196

0.0555800 0.029_6 0.187

0.03_2003 0.02701 0.179

0.0257999 0.02655 0.180

0.0210190 0.02671 0.18_

0.0179202 0.02718 0.100

0.015735h 0.02701 O.lg_

0.01k0813 0.0205_ 0.200

0.0127971 0.02935 0.206

0.0117_9_ 0.03030 0.212

0°0109011 0.03133 0.210

0.010176_ 0.03230 0.22_

0.00955_9 0.033_6 0._30

0.0090148 0.03_56 0.235

0.0081193 0.03662 0,_7

0.007_036 0.03930 0.259

0.0060160 0.04245 0.270

0.0063231 0.04552 0.281

0.0059027 0.05239 0.309

0.0055356 0.05715 0.327

0.005217_ 0.06153 0.342

0.0046857 0.06921 0.368

0.00_2579 0.07553 0.388

0.0039052 0.08058 0.40_

0.0036000 0.08_49 0.41_

0.0033550 0.007_ 0.431

0.0031372 0.0007_ 0._3

0.0029461 0,091_8 0._5_

0.0027775 0.00_4 0.W65

0.0026277 0,09396 0._75

0.002_935 0.09_06 0._05

0.0023726 0.09500 0._9_

0.0022632 0.09633 0.004

0.0021635 0.09779 0.513

0.002072_ 0.09880 0.52?

0.00198_8 0.09937 0.531

0.0010117 0.10101 0.5_0

0.0018400 0.10218 0.5_g

0.0017740 0.103_5 0.558

0.Q017126 0.10_75 0.567

0.091655_ 0.10609 0.576

0.Q0i5270 0,10961 0.$97

0.001_100 0.11330 0.610

0,0_12_17 0.12007 0.662

0.00090_1 0.13653 0.7_6

0,000k903 0.27727 1.137

0.0003326 0.]03_9 1._85

Q.O00ZWg7 0.55041 1.803

0.0002015 1.03742 2.109

417

2.1225

2.1052

1.7g_2

1.6017

1.3761

1.30Sg

1.24_g

1.20WO

1.1707

1.1706

i.1714

1.1874

1,2135

1.2611

1.3300

1.4007

1.6610

1.0615

2.5000

3.4_53

2.6_5Z

1.92_4

1.5518

1.1507

0.90#3

0.9107

O. 8586

O. 023I

0.?_71

0.778_

0.7623

O* 7_q6

0.740_

0.7341

0,7302

O. 7316

D.7261

0.7211

0.7201

0.7079

0.7076

0.7071

O. 7063

0.?055

0*7046

0,703_

0.7020

0.7006

0,6971

0.6076

0.6662

0.60k9

0.6037

0.6926

0.6516

0.6?07

0.6000

0.6093

0.6086

0.6001

0.6376

O. 6872

0.606_

0.6850

0.6050

0.66_2

0,5360

0.5315

0.5139

0.4425
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2_0 PSIA ISOBAR

TEMPERATURE VOLUNE

OEG, R CU FT/LB

25.902 0.20512

26 0.20519

28 0.Z0739

30 0,Z0980

32 0.21_44

3_ 0.Z1530

36 0.210_0

38 0.22176

40 0.225_4

42 0.22351

44 0.23405

46 0.23915

_8 0.Z_93

50 0*25159

52 0.259J6

54 0.26873

56 0.28037

58 0.29563

60 0.31723

62 0.35264

64 0.42522

66 0.5621_

68 0,69194

70 0.79_0_

75 0.99980

80 1.1632_

85 1.3105_

90 1._4674

95 1.575k7

100 1,69870

105 1,81790

110 1.93396

115 2.04_50

120 2.15098

125 2.26876

130 2.37711

140 2.59030

150 2.79_82

160 3.00651

170 3.21097

100 3,4[363

190 3.61455

ZO_ 3.81437

220 4.21106

Z_O k.60470

260 4.99604

280 5.38562

300 2.77382

320 6.16089

3_0 b.54701

360 6.932_9

380 r.31729

WOO 7.70151

_20 0.08240

k40 8.46885

k60 0.8519T

_80 9.23480

500 9.6173_

520 9.99974

5_0 10.30203

560 10,76390

500 11.14563

600 11.22723

650 12._8075

?00 13._3373

800 15.33852

1000 19.14S32

2000 38.16330

3000 57.17667

w000 76.2434_

5000 96.024_1

TWO-PHASE BGUNORY

rHFeHO_VNAHIC PROPEPTIES OF PAPAHYO_OGEN

ISOTHERM ISOCNORE INTERNAL ENTHALPY ENTROPY CV CP @ELOCITY

DFRIVATIV_ DEPIVATIV_ ENEPGY OF $OUNO

3U FT-PSIA/LB PSIA/R BTUILB BTU/L9 8TU/LB-R 8TU I LB -R FTIS_C

330_._& 71.76_5 -1_.5_1 -t21.915 1,19773 1,139 1.525 W321

3031.79 15.76q_ -232.51& -171.878 1.19917 1.139 1.523 4333

2311._9 75._9_9 -126.175 -119.297 1._3419 1.238 1.770 k159

243_._Z 7_.0679 -122.680 -111.6_5 1.55201 1.262 1,884 _072

2269.0_ FZ.7_?I -118.974 -107.761 1.66973 1.321 Z.001 3992

2112.13 71,3_89 -114.961 -103.637 1.78756 1.356 Z. iZZ 3914

1950._8 6_.8125 -110.766 -99.269 1.90565 1.386 2.251 3831

1790.19 6_.08hl -106.3_ -9_.63_ 2.02450 1._13 2.387 3?64

162f.75 6&.1551 -101.¢14 -8_.714 2.14_50 1.4_w _.537 3651

1_5_.31 63.9771 -_.606 -84.471 2.266_ 1.455 ?.TO5 35_7

1300.61 61.5095 -qI.Z_W -7_,885 2.39098 1.k60 Z.886 3_1

11_.95 55.727k -85.610 -72.910 _.51769 1.481 3.09g 33Z0

08_._2 55.5946 -79.527 -66.48_ 2.6_008 1.493 3.333 ]191

8_.70 5_.11E_ -72.979 -59.532 Z.7051_ 1.505 3.630 30_2

67_._4 49.2906 -65,83J -_1.89_ 2.92916 1.917 4.013 28?_

52_.83 W4.0749 -57.916 -_3.37_ 3.P&_02 1.932 4.5_3 Z608

38_,64 3_.3611 -_8.915 -33.507 3.25576 1.551 5.313 _77

_5E.03 34.0020 -38.273 -21.825 3._950k 1.577 6.576 2235

14_.32 27.63_2 -?_.65T -6.3T_ 3.70816 1.627 _.181 19_3

6_.19 20.299l -5.146 16.901 _.07710 1,742 14.639 1629

61._6 13.9_87 18.749 _.09_ _.55_]7 1.779 13.966 lag7

0_._7 19.8180 32.029 T0.905 4.89827 1.731 9.627 1518

12C.03 9.0805 _6.20? 87.480 5.13665 1.682 T.296 1551

189.70 6.81P5 65.247 117.084 5.5_804 1,606 2.009 165_

2_7.C1 5.6492 79._23 139.53_ 5°8381_ 1.577 _.167 1739

290.31 4.8950 91.255 159.Z05 6.0167_ 1.568 $.7_0 1615

34_.99 _.3518 102.199 17?.210 6.2826_ 1.566 $._81 160_

38P.37 3.9356 112,479 194.16_ 6.46601 1.570 3.311 19_8

_Z_.19 ].6006 122.373 210.4_8 6.63310 1.577 3.191 2006

46P.11 3.3268 131.928 226.103 6.T_666 1.587 3.100 Z061

50_.$2 3.1007 1_1.301 241.574 6.9Z986 1.603 3.052 2112

541.70 2.9059 150.574 250.734 7.06_6_ 1.623 3.015 _1_9

57_.86 2,7370 159.811 Z71.751 ?.192_7 1.649 Z,99_ 2203

_11.1_ 2.5R8q 169.066 206.69? 7.31450 1.680 2.986 Z244

644.77 2._570 178.363 301.632 7.43165 1.715 2.989 2262

71C.17 _.2352 197.358 331.661 ?.65_17 1.798 3.021 2351

T73.68 2.0527 Z16.9_5 362.151 7.86_51 1.89_ 3.080 2414

835.7_ 1.8999 ZST._k7 ]93.330 0.065?0 Z.001 3.158 2kF2

090.03 1.769_ 250._6_ _25.345 0.25976 Z.I$] 3. Z_7 Z526

956,58 1.6572 281,295 45_,286 0._802 2.22? 3.3_2 2579

1015.59 1.5977 30_.85_ k92.263 8.63139 2.342 3.440 2629

1073.99 1.4709 329.359 527.128 8.81007 2,_7 3.533 2680

1189,20 1.3245 381.141 599._77 9.15475 2.631 1.697 2?02

1302.9_ 1.2056 _36.002 674.74_ 9._619_ 2.771 3.822 2885

1_15._1 1.1068 _93.038 ?52.075 9.7915_ 2.864 3.905 2990

152_.92 1.0234 551._3R 830.67_ 10.08768 2.912 3.946 3095

1637._8 0.95?0 610.369 90_.737 10.35553 2.931 3.956 3200

17_7.84 0.8901 669.303 98_.736 10.61057 2.922 3.9_1 3305

1857._1 0.8358 727.821 1067.276 10.8_829 2.896 3.911 3469

196_.79 0.7880 785.662 1141.100 11.070T8 2.880 3.0T1 3512

ZOT¢.T2 0.7_53 042.683 1222.073 11.ZT806 Z.618 3. R26 3_13

2184.37 0.?07! 898.830 1298.1A4 11.47407 2.776 3.781 3713

2292.76 0.6727 95_.113 1373.329 11.65746 2.735 3.738 3810

_400.99 0.6_15 1008.591 1_7.687 11.830_6 2.696 3.690 3906

2509.01 0.6131 1062.323 1921.203 11.99_05 2.662 3.662 399_

2_1_.88 0.5071 1112.399 1594.209 12.14902 2.632 $.631 _08q

Z124.62 0.2633 1167.900 1666.546 12._968_ 2.606 3.60_ _178

203_.23 0.5_13 1219.90T 1736.37_ 12._3701 2.58_ 3.580 k2_A

2_.10 0.5209 12T1.635 1009.9_T 12.57203 2.569 3.960 _348

3047.4_ 0.5021 1322.702 1880.87] 12.70135 2.590 3.9_k k_30

315_.73 0.48k6 1373.?08 1951.589 12.82520 2.537 3.530 _010

3261.94 0.4683 1474.427 20_2.096 12.94_66 2.526 3.519 _88

3525,69 0.4520 1550.33_ 2197.441 13.2258_ 2.50_ 3.499 4777

3797.14 0._009 1675.547 Z372.064 13.k8491 2.N96 3.387 4957

4331._3 0.3506 192_.T_1 _TZ_.02A 13.9_907 2.488 1,_7T _29S

5398._9 0.2802 2422.496 ]412.110 1_.72488 Z,4R9 3._78 5910

10725.20 0.1_00 _969.633 694_.3_0 17.16825 2.64_ $°630 8259

1604_.E8 0.0933 7755.936 10_20.4_5 18.60221 Z.926 3.912 9971

21372.50 0.0700 10073.q93 14827.095 20.05647 ].350 4._3 113_&

26695.78 O.OS_O 1_870.589 1904_.303 22.00539 _.8_9 6.015 12381

418



280 PSIA ISDBAR

TMERHODYNAMIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE DENSITY ¥(3HIOVII_ V{OP/DU)\ -V(OP/D#)[

OEG. R LB/CU FT BTU/LB PSIA-CU FT/BTU PSIA

e 25.982 h.874_3 295.17 13.652 14665.83

2b W.87345 296.99 13.649 [W775,27

20 4.8219h 295.33 13.245 [3637.36

30 4.76634 292.27 12.777 12447.24

32 4,70714 291.55 12.270 1146).48

34 4.644?0 )90.06 11.856 10342,91

36 4.57886 287.65 11.493 9671.14

38 4.50942 283.50 11.169 8796.q0

hO 4.43568 278.wh 10.866 T%0.70

42 4,35712 27[.78 [0.584 7087.9_

44 4.27Z51 263.63 10.304 623_.q4

46 4.18150 255.13 10.018 5438.48

48 4.0828[ 244.92 9.712 46_1.96

50 3.97473 234.5R g.36_ 3q12.82

52 3.8S56Z 222.30 8.983 3191.29

54 3.72124 208.61 8.555 2510.tt

56 3.56673 193.32 8.068 1875,51

58 3.38_61 17_.50 7.505 1307,_h

60 3,15225 [57.67 6.838 815.28

62 2,83575 135.97 5.991 400.25

64 2,35170 115.88 4.946 160.36

66 1.77893 109.80 4.407 104.50

68 1.k4521 114.92 _.326 129.15

70 1.2S622 121.77 4.297 151.54

Z5 1.000Z0 139,]7 4._WW 189.74

80 0.859_3 156.61 _.16_ 212.34

85 0.16303 173._9 _.091 Z27.62

90 0.691Z1 t90.76 _.019 23_._6

95 0.63473 207.38 3,950 246.51

100 0.58869 223.90 3.879 252.66

105 0.55009 _40.43 3.813 257.50

110 0.51707 257.25 3.742 261.39

135 0,48840 ZT_._q 3.665 264.57

lZ0 0,46318 _92.Zg 3.583 267.19

tZ5 0.4_077 310.73 3.497 269.]9

130 0._2068 32_.89 3.407 271.24

140 0,38606 370.60 3.221 27_.16

150 0.35717 414.66 3.034 276.33

160 0.33261 462.01 2.855 277.08

170 0.31143 512,31 2.689 279.24

100 0.29294 565.07 2.5_1 280.22

190 0,27666 620.48 2.404 280.9_

200 0.26217 676.24 2.293 281.56

220 0.23747 788.20 2.120 282.42

240 0.21717 097.08 2.003 202.96

260 0.20016 999.40 1.931 203.31

280 0.18568 1093.20 1.891 283.52

300 0.17320 1178.66 1.875 203.64

320 0.16231 1236.26 3,877 283.70

3W0 0.15Z74 1327.49 1.890 _83.72

360 0.14425 1393.74 1.910 283.71

380 0.13666 145t.23 1.935 283.67

400 0,12964 IS16,67 1.962 283.63

kZO 0,12368 1_F5.72 1.989 283.57

k_O 0,11808 163_,27 2.015 283._1

_60 0,11297 [693.11 2.038 283.44

480 0,10829 1752,29 2,060 283.37

500 0.10398 1012.32 2.079 283.30

520 0.10000 1873.22 2.095 283,23

$40 0.09632 1_35.15 2.109 Z83.19

560 0.09290 1998.13 2.120 283.J2

580 0.08972 2061.74 2.129 283.05

bOO 0.08675 2126.23 2.137 282.98

650 0.08012 2290,41 E.150 282.81

700 0.07444 2_58.0_ 2.158 282.66

600 0,06520 2801.00 2.161 282.39

1000 0.05223 3_97.62 2.156 201.97

2000 0.02620 7286.16 2,021 281.03

3000 0.01T49 11764.56 1.824 280.69

4000 0.01312 17433.44 1.593 280.3?

5000 0,0104t 29859.72 1.109 278.01

• TWO-PHASE BOUMORY

:::,_L_+_L PAGE IS

•,: -<_:_]R QUALITY

C Lb

(3VIDT};{¢ THERMAL VISCOSITY THE_PAL 3IELECTRIC pR_NOTL
• ChNDUCTIVITY _IcFUSIV_TY _ONSTANT NLMBE_

1/DEG. _ _TUIFT-HP-R LOIrT-SFC Sa FTIHR

0.0051661 0.04644 1.?q3 _.0067 _i t,25533 2,1189

0,00S128_ 0.04649 t.789 _.O06?n 1.25S27 2.1095

0.00557_ 0.05152 1.561 0.006_ 1.25236 1.7970

_.0_6_5_ 0.05488 I.)_2 3.00F51 1.2492] 1.60_7

0,006_6_3 3.05717 1._3_ 0.002_ 1.24590 1.4688

0.0069001 0.0586_ 1.121 0.00631 1.24240 1,3_75

0.007377_ 0.059_4 1.023 0.00616 1.23_71 1.3066

3.0079360 0.0612_ 0._WI 0.0060T 1.23483 1.2450

0,00t5/41 0.0621_ D._69 3.005_6 1.23071 1.2033

0.00933_ 0.06251 0._07 0.0056_ 1.22634 1.1783

0.0102611 0.06282 0./80 0.0054! 1.22164 1.1685

0.0113100 0.0h2[_ 0.69q O.OOCt q 1.21660 1.1681

0.0126514 0.06147 0.681 0.00_8_ 1,21115 1.1832

0.0142041 0.06436 0.b07 0.00456 1.2051Q 1.20E5

0.016330_ 0.05898 0.56_ 0.0047_ 1.19_66 1.2510

O.0192Xq_ 0.05723 0.523 0.003_ 1.19131 1.3205

0.0238003 0.05485 0._82 0.0033] 1.18291 1.436g

;.0300942 0.05199 0._0 0.00289 1.17294 1.6173

0,0w17060 0.04987 0.395 0.00_41 1.16055 1.8733

0.067S246 0.048Z2 0.34_ 3.001_ 1.14367 _.3559

0.12633_4 0.047S4 0.283 0.00135 1.11815 3.1409

0.127382_ 0.0_09_ 0.731 0.001_ 1.088S] 2.8348

0,0837679 0.03403 0.205 0,00245 1.07152 2.08_5

0.0_99211 0.03064 0.193 0.00_34 1.06196 1.6531

0,0359366 0.02762 0.183 0.00551 1,04912 1.1922

0,0266047 0.02697 0.[83 0.0075] 1.04211 1.01S2

0.0215052 0.0270_ 0,186 0.0094_ 1.03732 0.9?39

0.0102h97 0.02745 0.190 0.01141 1.03376 0.8677

0,0159612 0.02804 0.195 0.0133_ 1.03097 0.8298

0.01425[[ 0.02875 8.Z01 0.01531 1.02870 0.8022

0.012927_ 0.02954 0.207 0.01727 1.02600 0.7824

0,0118623 0.030_7 0.212 0.01931 1.02S18 0.7657

0.0109835 0.03149 0,218 0,0213q 1.02377 0.7523

0.0102_X7 0.03?54 0.2Zk 0.02346 1.0Z25_ 0.74?7

0.0096105 0.03361 0.230 3.025S3 1.02144 0.7360

O.OOq06tT 0.03469 0.236 0.0275_ 1.02045 0.7319

0.008152T 0.03674 0.248 0,031S_ 1.01876 0.7330

0.0074283 0.03950 0.759 0.03590 1.01735 0.7272

0.0068346 0.04255 0.270 0,04052 1.01615 0.7219

0.00633_5 0.0_562 0.281 0.0451_ 1.01511 0.7207

0.0059139 0,05242 _.309 0.05355 1.01421 0. T087

0.005S442 0,05717 0.327 0.06007 1.013_Z 0.7084

0,005224[ 0.06154 0.342 0,0664_ 1.01271 0.7077

0.0046900 0.06922 0.368 0.07885 1.01151 0.7068

0.0042606 0,075S4 0.388 0.0910_ 1,01052 0.7060

0.0039069 0.08058 0.404 0.10311 1.00969 0.7050

0.003609_ 0.08_9 0.414 0.11531 1.00899 0,7037

0.00335_4 0.08749 0.431 0.12769 1.00838 0.7033

0,003137_ 0.08975 0.443 0,1402q 1.00786 0.7008

0.0_29461 0.0914_ 0.454 9.15316 1.00739 0.6993

0.002777_ 0.09285 0,465 O.t662q 1.0069_ 0.6978

0.0026274 0.09307 0.475 0.17971 1,00661 0,696k

0.002_q_2 0,09497 0._85 Q.19343 1.00628 0.6_51

0.002377_ 0.09591 0.495 0.20746 1.00598 0.6930

0.0022628 0,0968_ 0.90_ 0.22178 1.00571 0.6427

0.0021631 o.og?8t 0.513 0,23641 1,00546 Q.6917

0.002_720 0.09882 0.522 0._5135 1.00524 0.6908

0.00198_3 0.00989 0.531 0.26660 1.COS03 0,6900

0,0019113 0,]0102 0.540 0,28216 1.00403 Q.6894

0.0018395 0.I0220 0.549 0.29808 1.00466 0.6886

0.0017735 0,10347 0,558 0.31428 1.00449 0.6881

0.0017L22 0.10477 0,$67 0,33073 1,00434 0.6077

0.0016549 0.10611 0,576 0.34762 1.00419 0.6873

0.0018275 0,10963 0,$98 0.39110 1.00387 0.6864

0,00141_ 0.11332 0.619 0.43662 1.00360 0.6859

0.0012_14 0.12100 0.662 0.533?3 1.00315 0.6851

0.00399]9 0.13656 0.747 0.75212 1.00252 0.6842

0._0_982 0,27727 1.138 2.91491 1,C0127 C.5362

0,00033_5 0.39347 1.405 5.7508_ 1.0Q084 D,$316

0.0002497 0.549_9 1._O& 9,62520 1.00063 0.5144

0,_307014 t.029_9 2.110 16.44219 1.00050 0,4435

L

II li II M M Z[ M ZI I[ I£ It I[ It M. II l Z
¢ -



C- 2b

290 PSIA ISOBIR

TEMPERATURE VOLUqE

3EG, R CU FTfLB

* Z6.QZ1 0.20505

28 0.20?23

30 O.ZOgSk

32 0.21226

34 0.21510

36 0,21812

38 O.ZZ15I

_0 0.2Z516

42 0.22_19

kW 0.23368

46 0.23871

k8 O.2_WW1

50 0.25095

5Z 0.25356

54 0.26768

56 0,25892

58 0,293_

60 0.31357

6Z 0,34485

6_ 0,W0298

66 0.51510

68 0.6W081

70 0,7W551

75 0,9W?06

80 1,11042

85 1.25500

90 1.38820

95 1,513T9

100 1.63582

105 1.74977

110 1.86255

115 1.92280

120 2,08099

125 2,182W7

130 2.29252

IWO Z.49910

150 2.70201

160 2°90210

170 $.09996

180 3.29603

190 3,_9035

ZOO ].6&359

220 4.06710

240 W.44758

260 4.82_78

280 $.20222

300 5.572?8

320 5.95122

]wO 6.32w27

$60 6,69657

380 7.0682W

WOO ?.43940

420 7°81011

w_O 8.1_04_

k60 8.55044

480 8.92015

500 9.2896!

520 9.65_

540 10.02805

560 10.]9682

580 10,26544

600 11,13392

650 12,05W66

?00 12.92485

800 14.01408

1000 18.48975

?000 36.85217

]000 55.2099_

4000 73,61814

5000 92.70W]T

* TW3-PHASE BOUNDRY

tHErMODYNAMIC PROPrPTIES OF PARAH¥OROGEN

150THERM ]SOCHORE INTERNAL ENTNALPY ENTROPY CV CP VELOCITf

DERIVATIVE OFRIVATIVF ENERGY OF SOUND

CU =T-PSIA/LB PSIA/R BTU/LB 8TU/L9 8TU/LB-R BTU I LB -R FT/SEC

3318,91 7_,7977 -132.556 -121.52S 1.19812 1,139 1.525 4327

28W6,2_ ?_,14C1 -129.517 -218.]89 1.31425 1.191 1.644 426T

Z6ZE,9? 75.537_ -126._36 -11W.9?8 1.43186 1.2_8 1.768 4169

2449.70 7_,2081 -122.730 -111,332 1.54951 1.281 1.881 4082

2Z8_._W 7Z.8849 -119.006 -102.455 1,66201 1.321 1,998 400Z

2127.21 71._95_ -115.C56 -103.340 1,784_0 1.355 2.110 3424

1966,00 69.9676 *110.876 -98.901 1,90241 1,306 2.2W5 3042

1806.05 68.242_ -106.450 -94.358 2,02095 1.412 2.381 3T56

1643.C_ 66.3313 -101.262 -89.WSW 2.1W057 1.43W 2.520 3663

148C,_k 64.1732 -96.783 -84.234 2.26198 1.453 2.691 3S64

1317.76 61.728_ -91,w90 -70.671 2.30560 1.468 2.872 34S6

1159,3g 58,979W -85.852 -72.22? 2.51206 1.481 3,074 3335

1003.72 55.8912 *29,_22 -66.346 Z.6kZZ9 1.493 3.306 3ZlO

8W7.84 52._719 -73.]W0 -59.W55 Z.75739 1.50W 3.595 $064

695.3_ 48.7135 -66.286 -51.911 2.91972 1.516 $.961 2901

54E.54 W_o5856 -58.506 -W$,5Zq 3.0721Z 1o530 W.465 Z710

411,_8 40.01W1 -_9.732 -33,975 3.23968 1.648 S.1k5 2518

282.03 34.0586 -39.481 -22,643 $.43167 1._72 6.229 2284

169.2W 28.8009 -26,77W -8.255 3.66739 1.61W 8.343 2013

86.82 22.0672 -9,5W4 12.096 3.9901W 1.701 12.496 1729

63.20 15.6103 12.253 40.W1] 4.42593 1.7E5 14.267 1538

8_.39 11,8895 30.431 64.846 _.79104 1.733 10.401 1530

11W.37 9.8W39 W2.682 82.716 5.05022 1.692 ?.796 1562

183.87 7.263W 62.966 113.931 5.48193 1.61W S.203 1657

2W1.70 5.9717 77.46_ 13T.095 5.78130 1.579 4.27W 1561

293,83 5.1505 89.296 15?.189 6.02510 1.570 3.809 1817

3_1.17 _.565W 100.9W0 175.486 6,23433 1.569 $.531 1886

]8_.09 k.1202 111.365 192.656 6.42003 1.572 3.349 1950

42E.36 3.7633 121,$?W 209.110 6.58808 1.579 3*ZZ1 ZOO?

46_.67 3.W250 131.018 224,901 6.243?6 1.589 3,133 2062

503._1 3.2338 1_0.46W 240.W83 6.88800 1.60_ 3.072 2113

539,89 3.028] 1W9.797 255.23? F,02362 1.625 3,03Z 2161

575.32 2.8505 159.086 270.835 7,15214 1,650 3.009 2Z05

_09.86 2.69_8 168.38_ 265.853 ?.27W24 1,681 3.000 _2_6

6W3.67 ?.5571 17?.742 $00.850 T.39238 1,716 3.001 2284

209,44 _,$238 196.281 330.96W T.61568 L. 798 3.031 2353

753.27 z.13_9 _16._62 361,560 ?.82661 1.895 3,088 2416

835.59 1.9732 236.467 392,810 0*028_ Z*002 3.164 Z_4

896.72 1.8323 258._18 424.886 8.222?0 2.114 3.252 2528

956.87 1.7201 280.882 452.879 8*41126 2,22? 3.347 2581

1016.07 1.6164 304.474 491.907 0.59489 2.342 3.444 2631

10T4.61 1.5260 329.003 526.812 8.77379 2.448 3.537 2682

1190.1T 1.3737 380.826 999.230 9.11880 2.632 3.?00 2T84

130&.07 1._500 k35.720 67W.556 9.44624 2.711 3.825 2888

1W16.70 1.147W W92,?SW 251.929 9.75603 2.665 3.907 2992

1528.37 1.0600 551,_07 830.56? tO.OkT$O 2.915 3,948 3097

1639,_& 0.9867 610.158 909.65_ 10.32026 2.931 $.958 3202

t?W�._W 0.922_ 669.109 988.691 10.52539 2.922 $.943 3307

1859.32 0.8661 727.6WZ 1067.256 10.81319 2.896 $.912 3411

1968.E_ 0.8165 ?8S._qS 1145.102 11.03575 2.860 $*_2 3514

2077.69 0.7722 842.$_9 1222.095 11.2W390 2.818 3.827 3616

2186.41 0.7326 098.506 1298,183 11*43912 Z.776 3.282 3715

229_.88 0.6969 955.979 1373.38] 11.62256 2.735 3.739 3813

2WO3.1W 0.6646 1008.W65 1442.755 11.79599 2.69? 3.699 3908

2511.?_ 0.6362 1062*Z05 1521,36W 11.95921 2*663 $,663 4881

2619._3 0.608_ 1115.288 1594.302 12.11420 2.632 3.631 4091

2226.91 0.5835 1165.796 1666.649 12.26202 2.606 3.604 4188

283W.56 0.5608 1219.80q 1238.491 12.40304 2.50W 3.581 4266

_47.k9 0.5396 1271.547 1910.055 12.53806 2.565 $.560 4350

$04_,87 0.5201 1322.699 1801.009 12.66661 2,550 3.544 4432

3157,17 0.5020 1373.6_7 1951.733 12.79056 2.537 3.530 4512

3Z6_.40 0.4851 142W.353 2022.246 12,910E_ 2,526 3.519 45_0

3532.21 O.WWTS 1550._69 2192.686 13.19115 2.507 $.499 4779

329_.70 0.4153 1625._89 2322.241 13.45024 2.496 3.487 4_59

4334.05 0.363t 197_.705 Z720,223 13.91522 Z.488 3.477 5297

SW01.19 0.29C3 2W22._25 3415.328 14.69026 2. W69 3. W76 5912

10728.00 0.14_0 _969._25 69W8.592 17.13166 Z.64W 3.630 8260

16051.91 0,0962 7755,912 10220.69_ 18.64762 Z.926 3,912 9972

21]?_.34 0.07_ _ 10872.808 I4826.123 20.0215W 3.346 W. 350 11346

_669P.EZ 0.0580 1_856.596 19_34.834 21.96755 4.823 5.985 12384
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290 PSIA ISOBAR

THERMOOfNANIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE DENSITY VIDHIOV)_I V(OPlDU) V "V(OPIDV) T

DEC. R LBICU FT 8TUILB PSIA-CU FTISTU PSIA

• 26.02[ W.87683 296.18 13.6kZ 1_722.71

20 _.025_9 296.62 [3,250 t3/3_.51

30 _.TTOL3 293.30 12.79_ 12530,99

32 _.71119 292.58 12.295 115_C.98

3k _.6_907 291.12 11.873 10620.52

36 _.58358 288.81 11.509 9?50,23

30 W,SiWSZ 28_.02 11.185 0875.52

_0 _.k_lZ2 279.79 10.802 8021.09

_Z _.3632[ 273.23 10.600 7168.q6

_k _.279W0 26_.6Z 10.321 6335.30

_6 _,1891_ 256.82 10.036 5520.26

k8 _.091k3 2kT.Zk 9.733 k7_3.55

50 3.9B_03 236.70 9.395 3999.65

52 3,86756 22_.05 9.018 3279.07

5_ 3.73507 211.2W 8.600 2597.77

56 3.58526 196.21 8.126 1959._8

58 3.;0785 i6C.38 7,505 1_82.96

60 3.18911 162.01 6.952 899._k

62 Z.8990W 1WI.76 6.172 _90,76

6b 2.k0153 121,99 5.220 215,43

66 1.9W130 112.1_ _,556 122,70

60 1.56037 115.19 k,38h [31.68

70 [,3q136 121.50 q.337 153._1

75 1.053_8 138.78 k,271 [93,T_

00 0.90056 155.80 k.198 217.67

85 0.796B1 173.13 _.116 23_.13

90 0.72036 19C.06 _.0_0 2_5.76

9S 0,66059 286.75 3.969 25_,39

100 0.6[206 223.33 3.895 260.96

105 0.571S0 239.90 3.827 266.13

118 0.53690 256,76 3.755 270,28

11S 0,$0689 Z7_.0_ 3,677 273,67

120 O.kBOSk 291,86 3,595 276._B

125 0._5715 310.32 3.507 Z78,80

130 0.k36_0 329.50 3,_[7 280.77

[_0 0._001_ 370.26 3.229 203.88

150 0.37009 k1_.35 3,0kl 286.10

160 0o3k_50 _61.7_ 2.861 287.93

[70 0.32250 512.0_ 2.695 289.27

180 0,303_0 SBk,Bk 2.5k6 290,31

190 0,20650 620,32 2.k09 291.09

200 0.271_7 676.11 2.296 291.73

220 0.2k588 788.2_ 2.123 292.63

ZkO 0.22kBk 897.12 2,006 293,21

268 0.20722 999.52 1,933 293.57

280 0,192Z3 1093._0 1,093 293,79

300 0.17930 1178.93 1.877 293.92

320 0.16803 1256.60 1.879 293.98

3kO 0,15812 1327.89 1.891 29_.00

360 0.1k933 [39k.19 1.912 293.96

380 0.1k[_8 [_56,72 1.937 293,95

_0| 0,13;b2 1517.19 1.96_ 293.90

_20 0.[280_ 1576.20 1.990 293.03

_0 0.1222_ 163_,86 2.016 293.77

_60 0.[1695 [693.72 2.0q0 293.69

kO| 0.1121! 1752.93 2,061 293,62

500 0.107_5 1812.90 2.080 293,_k

S20 0.10353 1873.90 2,096 293.k7

5kO 0.09972 1935.86 2.110 293._3

560 0.09618 1998.65 2.121 293.35

580 0,09289 2062,_7 2.130 293,2_

600 0,00982 2126.98 2.130 293.19

650 0.08296 229[.18 2.151 293.02

708 0.07707 2_58,85 2,158 292.85

BOO 0,06750 200[.82 2,[62 292,56

1800 0.05_08 3_90._8 2,156 292.12

2000 0002_1_ 7287.11 2,021 291,11

3000 0,01811 11765.26 1.82_ 290,7_

_000 0.01358 17k19.56 1.595 290.35

5800 0.01079 29720.05 1.115 288,00

TWO-PHASE BOUWORY

C-2b

(DV/OT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUM6ER

t/DEC. R 6TUIFT-HR-R LB/FI-SEC SQ FT/HR

X 10 _

O.OO51k_ 0.0k659 1.795 0.006_7 1.255_6 2.[15_

0,0055_37 0.05156 1.568 0.00650 1.25256 1.7999

0,00602_0 0,05_9k 1.386 0,0065_ 1.2W9_ 1.6076

0,006_300 0.05725 %.2_3 0.006k6 1.2_613 1.k709

0,0060631 0.05872 1.126 0.00632 1.2k26_ 1.3709

0,00733_7 O.OSgg_ 1.028 0.00618 1.23897 1.3072

0.00758_2 0.06135 0,9W5 _,00605 1.23511 1,2k51

0.0085085 0.06223 0,_3 0.00589 1.23102 1,2027

0.0092526 0,06266 0,810 0.00568 1.22668 1,1770

0.0101293 0.06268 0.75k 0.005k_ 1,22202 1.[6_8

0.0111822 0.06233 0.702 0.00519 1.21702 1.1651

0,012k336 0.06162 0.655 0.00_90 1.21162 1.176k

0.01397_0 0°06059 0.611 0.00k60 1020575 1.2000

0.0160021 0,0592k 0.$60 _.00_26 1.19931 1.2_17

0,018752[ 0.05755 0.527 0.00389 1.19211 1,3067

0.0227537 0.0552G 0,_07 0.003h_ [.10391 1. W160

0.0_05213 0.052_0 0,_5 0.00299 1.17_30 1.5712

0.0387560 0.05022 0._02 0.00251 [.16ZSZ 1.8075

0.0588k97 0,0_8W0 0.35_ 0.00200 1.1_707 2,1936

0.102k311 0,0k717 0.296 0.00152 1,12_90 2.8k50

0.12722_k 0°0k297 O.Zk5 0.00155 [.09689 2.9266

8.0902893 0,03588 0.215 0.00221 1.07737 212103

0,06k1692 0.03189 0.200 0.00305 1.06626 1,7565

0,037_895 0.02026 0.186 0.00515 1.05179 1,2335

00027k350 0,027_0 0.185 0.0071_ 1,0_15 1.037G

0.0219991 0.02730 0._87 0.00902 1.03899 0.9375

0.0185766 0.02773 0.191 0.01090 1.03520 0.6770

0.0161962 0,02828 0.196 0.01279 1.03225 0.8367

0,01_21[ 0.02696 0.202 0,01k69 1.02906 8,807k

0.0130576 0.02973 0.207 0.0166! 1.02786 0.7666

0.01196k7 0.03065 0.213 0.01858 1,02616 0.7690

0.0110656 0.0316_ 0.219 O.OZOS9 1.02k68 0.7551

0°010310_ 0.03269 0.225 0°02261 1.02339 O. TkSO

0.0096658 0,03375 0.231 0.02k61 1.0222k 0.7380

0.0091075 0,03k83 0.236 0.02661 1.02121 0.7336

0.0081858 0,03606 O,Zk8 0,03039 1.019k5 0,73_k

0.007k527 0,03961 0.259 0.03_66 1.01790 0.7282

0.0060531 0.0_266 0.27t 0,0391_ 1.01673 0.7228

0.0063516 0.0k_72 0.282 0.0_358 1.01566 0, TZ1k

0.00592k9 0.052k6 0.309 0.05166 1.01_72 0.7096

0.0055527 0.057[9 0.327 0.05796 1.01390 0.7091

0.0052300 0.06156 0.3k3 0,06h12 1.01316 0,700_

O.OOG69_Z 0,06923 0,368 0,07610 [.01192 0.707_

O.OOkZ632 O.07SSk 0,388 0.00785 1.01009 0.7065

0,0039065 0.08059 O._Oh 0.09955 1,0100+ 0,785_

0.0036100 0.08k50 0._19 0.1113_ 1.00931 0.70kl

000033569 0,00750 0._32 0.12331 1.00860 0.7026

0.0031576 0,08976 0._3 0.135k_ 1.00813 0.7011

0.0029k61 0.09150 0,k54 0.1_791 1.00765 0,6996

0.0027772 0.09286 0._6_ 0016060 1000723 0,6980

0.0026272 0.09398 0._75 0.17359 1.0066h 0,6966

0,002_929 0.09k99 0._85 0.18683 1.00650 0,6952

0.0023719 0,09593 0._95 0,20038 1.00619 0,69_0

O.OOZZGZk 0.09686 O.SOk 0.21k22 1.00591 0.6920

0.0021627 0,09783 0.5[3 0.22836 1.00566 0.6918

0.0020715 O.09BBk 0.522 0.2;27_ 1.005W2 0.6909

0.0019879 0.09991 0.531 0.25752 1.00520 0.6901

0.0019108 0.10[0k O.SkO 0,27256 1.00501 0,689k

0.0010390 0.10222 0.5k9 0.2879_ 1.00_02 0.6887

0.0017731 0.103_9 0.$50 0.30358 [.00W65 0,6882

0.00171[7 0.10k79 0,567 O.31qSk 1.00k_9 0.6877

0,00165_5 0.1061k 0.5?6 0.33580 [.00_3_ 0.6873

0,0015271 0*10966 0,$98 0*37700 [*00_0! 0,6069

0.001_181 8.[1335 0,619 0._2177 1.00372 0.6859

0.0012_[[ 0.12102 0.662 0.51557 [.00326 0,6851

0.0009937 0.[3660 0.7k7 0.72653 1.00261 0,68k2

0,000_942 0,27727 1.138 Z._1k75 1.00131 0.5363

0.0003325 0.393_5 1.k86 S.55295 1.C0007 0.5310

0.0002_97 0.5_882 1,80_ 9.28809 1.00066 0.$1_0

0,000201_ 1.02276 2.110 15.8_096 1.00052 0,_6

t
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C-2b

300 PSIA IS39AP

TEMPERATURE VOLUHE

3EG, R CU FT/L8

4 26,061 0,20_95

20 0,2070_

30 0.20947

37 0.71208

34 0.21490

36 0,71795

38 0.72125

_O 0.Z2488

42 _.228_7

44 0.23331

46 0.2352_

_8 0.24390

50 0.25033

52 0,25778

5_ 0.76666

56 O.ZTT5]

58 0._91_2

60 0.3[024

6Z 0.33541

6_ 0.38718

66 0._7770

68 0.59_80

70 0.69875

75 0.90176

80 1,0b[14

85 1.20323

90 1.33363

95 1.45631

100 1.97333

105 1.68)_

110 1.79597

115 1.90315

IZO Z.0082_

125 2.11LB5

130 2,21361

140 2.41402

150 _._1076

L60 Z.804bR

170 2.99838

L80 3.18629

190 3,37_45

200 ],56154

ZZO 3.93_76

240 4.30095

260 4.66688

280 5._3106

300 5.39385

320 5.75554

340 6.11533

360 6.47637

380 6,83580

400 7,19471

420 7.55317

440 7.91125

460 8.26901

483 8.62648

500 8.98370

520 9.34070

540 9.69770

560 10.05422

580 10.41059

600 10.76583

650 11.6569T

700 12.54557

800 14.32460

1000 17.87790

200_ 35.67844

]000 53.37432

4000 71.168?9

5000 89.60633

TW2-PHASE BOUNDRY

THFPH0_fNAHIC PRgP;;_TIES OF PAP&HYDROGEN

,:IH[WH ISOCh{IRE INTFRNAL ENTH&LPY ENTROPY

OERIVATIV[ DEPIVATI@E E_PGYSU :T-PSIA/LB PSI_IR 8 ILB BTU/LB 8TU/LB-R

302 I3 75._312 -132.571 -121,136 1.19850

28o ?1 76.2053 -129.569 -115.065 1.31211

_64_.38 75.6766 -12_.296 -114.660 1.42955

2_64,39 7_,3479 -12_.800 -111,019 1.5_701

229P.9] 73.031'; -119,087 -107.149 1.66430

2142.18 71._ql -115.150 -103.0_3 1.78163

19_1.09 79.121_ -110.965 -98.69] 1,89970

1871.7_ 5_.4092 -106.575 -94.083 2.01743

1659.17 66.5058 o101.908 -89,19_ 2.13668

1497.42 64.3644 -96.955 -03.994 Z,Z5762

133_.68 61.9_52 -91.693 -78.456 2.38069

1177,74 59.226_ -86.093 -72.5_4 Z.50647

102_.f5 56.18_2 -80.111 -66.205 Z.63583

867.52 52.5193 -73.69_ -59.371 2.76982

715.56 49.1239 -66.726 -51.912 2.91054

571.90 45.0852 -59.077 -43.660 3,06057

433.81 40,6_8_ -50,_96 -34,307 3,22_5_

307.08 35.6610 -_0.601 -Z3,366 3.40996

192,00 29.9863 -28._97 -9.798 3.63_30

106.66 23.5009 -12.95Z 8.557 3,92341

69.96 17.2853 7.334 33.871 4.31267

81.46 13.0407 25.775 58.76? 4.68_85

lOe. F6 10.6635 39,027 77.844 4.96152

178.02 7.7306 60.628 110.723 5.41532

232,.S_ 6.3033 75.681 134.629 5.7_533

789,48 5.4133 88.321 155,162 5.91447

337.46 4.7840 99,670 173.756 6.18711

381.91 4.30R3 110.244 191.1_4 6.37519

423.62 3,g287 120._71 _07.772 6.54581

463.30 3.5233 130.105 723.779 6,70207

501.37 3.3686 139.524 239.3g3 6.84731

530.14 3.1520 149.019 25k,7_2 6.90377

573.82 2.9650 158.360 269,972 7.11298

608.60 2.8016 167._04 285,010 7.23617

6_2.61 2.6572 177.100 300.070 7.35430

708.75 2,4130 196.205 330.309 7.57838

77_._9 2.2135 215.938 360.971 7.78990

835._8 2.0_69 236.487 397.292 7.99202

896.73 1.9053 257.975 474o429 8,18687

957.19 1o7832 280.470 _57._74 8.37567

1016.50 1.6752 304.095 491.5§_ 8.55958

1075.25 1.5812 328.648 576,498 8.73869

1191.08 1.4229 380.512 998,964 9.08402

130_,19 1.2q45 435,439 674,365 9.41170

1418,01 1.1881 492.530 751.784 9.72167

152_.83 1.0982 550.976 830._61 1 01309

1640.85 1.071_ 609.947 909.585 _ '8616

1751.25 0.95_ 668.915 98_.646 I0_139

1_61.12 0.8965 727.463 I067,237 10,77926

1970.=7 0.8450 7_5.330 1145.104 11.00186

2079,66 0.7992 8;Z.375 1222.116 11.21008

218t._5 0.7582 898.542 L298.222 11.k0536

Z_96.98 0.7212 953.845 1173,438 11.58883

240_.30 0.6077 1008.339 1447.824 11.76159

2513._2 0,6:-72 1062.087 1521,446 11.92554

25Z1,38 0.6294 1115.178 1594.395 12.08056

_724.20 0.6038 1167.692 1666.793 12.22840

2832.89 0.5802 1219.711 1738.604 12.36943

294_.88 0.5583 1271.458 1810.184 12°50450

305_._9 0.5381 13_Z,615 1881.1_6 12.63305

3159.E_ ].519_ 1373.5_9 1951.877 12.75701

3?66.87 0.5019 1424.279 2022.396 12.87661

3534.72 0.4629 1550,204 2197,771 13.1576k

3802.26 0.4296 1675.432 237Z.417 13.k167_

4336.6? 0.375? 1924.659 2729,418 13.88175

5403.89 0.3003 2422,394 3415,545 14.65681

10730.81 0.1500 _969,617 69_B.843 17.09823

1605_.74 0.1000 7755.890 10720.933 18.61419

2137_.18 0.0750 10871.682 _4825.21_ 19.98781

26701.46 0.0600 I_843.308 19821,103 21.93106

CV CP VELOCITY

OF SOUND

BTU / L8 -R FT/SEC

1.140 1 • 525 4332

1. 191 1.641 4277

1. 237 1. 766 4179

1.2ei 1.879 4092

1.3 1.995 4012

1.3 2.11 _ 3935

1.3 _'_ Z. 240 ]853

I. _*12 2. 374 3767

1.434 Z, 520 3675

1.45] 2.680 3577

1._68 2. 859 3_70

1.481 3. 056 3355

1.49] 3. 284 3226

1. 504 3. 562' 3085

1.5 16 3.913 2926

1.529 4.368 2751

1.5,4,6 5,016 ZYYk

1.568 5. 996 2333

1. 604 ?. 761 2815

1.671 10. 949 1799

1.745 13.655 1593

1.740 11.041 154,7

1.701 8.323 1570

1.621 5. _12 1659

1.584 4. 385 1741

1.57] 3.879 1839

1.571 3.581 1688

:, 574 3. 387 lg_l

1.581 ]. 251 2000

1.591 3. 157 20&_

1.606 ], 093 211_

1 • 626 $. 050 Z163

1. 651 3. 024 2207

1.682 _. 013 2247

I. 717 ]. 013 2286

I. 799 ], 040 23S6

1.896 3. 096 2418

2.002 3. 171 Z_76

2.1 14 ]. 258 Z_30

2. 227 3.351 2#$83

2. 343 3. 449 2633

2. k 48 ). 5_ 0 2684

Z. 6 32 3.703 Z'786

2, 772 3. 827 2690

2. 868 3. 909 2994

2.9 15 ]. 950 3009

2.932 3.959 $20

2. 922 3. 944 3309

2,896 3.913 3613

2. 860 3. 873 3516

2. 818 ]. 828 3618

2. 776 3. 783 3717

2.735 $, 7_0 ]815

2.69? .699 3'910

Z. 663 .664 4003

2.6 32 • 632 _093

2.6 06 _. 605 4182

2._84 3.581 4268

2.565 ].561 4352

2. 550 3* 546 /_t_33

2.5 37 $, 531 _51_

2. 526 3. 519 4592

2, 5 O? 3. k.99 4780

2.4% 3.487 4960

2.488 3.478 5249

2.489 3,476 5913

Z. 644 3. 630 8261

2. 426 3. 912 9972

3.3_*] 4.3#*6 113_8

4.798 5.958 12388
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300 PSIl ISOBAR

|flERMOOYNAMIC PROPERTIES OF pARAHYDROGrN

IEN=ERATURE OENSII¥ Vl)H/OV)p VIDPIOU) V -V{DP/DV) T

3EG, R LB/CU FT BTU/LB PSIA-CU FTIBTU PSIA

+ 26,061 4,87912 297.19 13,633 1;779.50

28 _,8Z90Z 297.91 13,255 13031,31

30 ;,77309 29_,33 12,810 1Z614,hl

3Z ;.71522 293.60 12.311 11620.12

34 k,653;0 292,10 11,809 10697.?k

36 k,580Z7 209.97 11,524 9820,91

38 ;.51957 286.04 11,201 8953.67

40 ;.4;672 281.12 10,898 8100.95

kZ 4,36925 274,66 10,616 7249,33

44 4,28611 267.21 10,337 6418.09

46 4,19660 258,;7 10,05; 5601,21

;8 4.10001 2;9.13 9.754 4828.74

50 3.99474 238.76 9.421 ;085,21

5Z 3,879Z2 226,94 9,052 3365,31

Sk 3.75006 213.77 8,643 2683.40

56 3,60325 199,64 8,182 2060,60

58 3,;3144 183,80 F.659 1480,58

60 3,22326 166,;4 7,057 989,79

62 2,95502 L;6.84 6,328 567.37

6; 2,58277 127.00 5,467 275,_?

66 2,09335 115.70 4.733 1;6.46

60 1,68124 115.94 4,;5? 136,95

70 1,43114 121.38 4.301 155.51

?5 1,1089; 138,22 k,300 197,42

80 0,9;230 195.10 _,224 222,96

85 0.03110 172.kl ;,1;2 2;0,59

90 0,74983 189.41 4.062 253,03

9_ 0.6866? 206.1_ 3,987 262,25

100 0.635S9 222.79 3.910 269,25

105 0,59303 Z3q,;O 3,841 274,75

110 |.55680 _56,29 3,760 279,17

116 0,52545 2?3,60 3,689 282,76

120 0,49794 291,45 3,606 285.73

125 0.47356 309.94 3.518 208,21

130 0,;51?5 329,1; 3,;26 290,30

140 0,41;25 369,93 3,238 293,60

150 Q,30303 414,05 3,0;8 296°0;

160 0,35655 ;61.;5 2.868 297,89

170 0,3337; 511,81 2,701 299,31

180 0,31384 56;,62 2,551 300,41

190 0,29634 620,17 2.413 301,23

ZOO 0.20070 675,99 2.300 301.91

220 0,2542? ?80,20 2,126 302,06

240 0,23231 897,16 2,009 303,;?

260 0,21420 999,64 1,935 303,65

280 0.19877 1093,61 1.895 304.08

300 0,105_0 2179,21 1,879 304,21

320 0,17375 1256,9; 1,880 30;,Z?

340 8,16350 13Z6,29 1,893 30_,29

380 0,15461 1194,6W 1.913 304.27

380 0,14629 1457,22 t,939 30k.23

400 0,138_9 1517,73 1,965 304,10

420 0,132)9 157_,0; 1,992 304,11

440 0,12640 1635,46 2,018 30;,04

460 0.12093 1_9;.3; 2.041 303,96

480 0,11592 1753,$7 2,062 303,08

SO0 0,11131 1613,6; 2,081 303,?9

S20 0.10P06 1874.50 2.097 303,71

S40 0,10312 1936.50 2.111 303,6?

660 0,099;6 1999.58 2,122 303,68

S8| @.09605 2063,21 2,131 303,$0

600 0,09208 2122,72 2,139 303,42

650 0,00579 2291,1_. 2,152 303,23

TO0 0,0T970 2459,64 2,159 303.05

800 0.06901 2002,64 2,162 302,74

L000 0.05593 3499.33 2,157 302.27

2000 0.02007 7_88.06 2.021 ]01.19

3800 0.01874 11765.50 1,02; 300.80

4000 0.01;05 17406.43 1.597 300,39

5080 0,01116 29567,_5 1,121 297,99

TWO-PHASE BOUMDRY

(OVlOt_/V THERMAL
CONDUCTIVITY

1/OEG, R BTU/FT-HR-R Lq/rT-SEC
x tO _

0,0051308 0.0;67k 1,798

0,0055096 0,05161 1,$75

0,0059992 0.05500 1,39_

0.0063982 0.05732 1,2;9

0.0068268 0,05800 1.130

0.0072889 0.06004 1.032

0,0078316 0,061_6 0.9;9

0.000_;_6 0.06235 0._77

0,099L7;1 0.06230 0,_14

0*01002_6 0.06204 0,F57

0,0110592 0.06250 0,706

0.01226S_ 0.06107 0.659

0.0117526 0.06082 0.614

0,0156952 0,05951 0.57_

0.0183066 0.05706 0.531

0.021_700 0.05561 G,;91

0,0272914 0.05294 0.450

0.0]602_7 0,050S4 0._0_

0.0528514 0.0;071 0,352

0.0558749 0.04707 0.3ll

0,11802;1 0,0_;13 0.259

0.0952242 0.03772 0,225

0,0605719 0.0332; 0.207

0.0391985 0,02893 0.190

0.0282720 0.02785 0.187

0.0225003 0.027?2 0.189

0.0189064 0,02001 0,193

0.016;20_ 0.02853 0.197

0.014591; 0.02910 0,203

0.0131077 0.02992 0.200

0.0120667 0,03003 0*214

0.01114?2 0,03182 0.220

0.01037?0 0.03204 0.225

0,0097206 0,03390 0.231

0.0091533 0.03;9T 0.237

0.00021_6 0,03697 0.2;q

0,007_770 0,03972 0,260

0.00_0713 0.0;276 0,2?1

0.0063656 0.0;582 0.282

0.0059358 0,052;9 0,309

0.0055611 0,05722 0.327

0.00523?; 0.06150 0.3;3

0.00;6903 0.06924 0.368

0.0042658 0.07555 0,308

0.0039101 0.00059 0.40;

0.0036117 0.08451 0,;19

0.00]3574 0.08750 0,;32

0.0031378 0,06977 0.;;3

0.0029;61 0,09151 0.;55

0.0027771 0.09207 0.;65

0.0026269 0.09399 0.475

0.002_925 0,09500 0.485

0.0023715 0.09594 0.;95

0,0022620 0,09687 0.504

0.00215_2 0,09784 0.513

0.0020_11 0.09005 0.922

0,0019875 0,09993 0.532

0.0019104 0.10106 0.5;0

0.0018306 0.10224 0.549

0.0017726 0.10351 0.558

0.0017113 0,10481 0.567

0.0016541 0,10616 0.$76

0.0015267 0.10968 0,59_

0.001;177 0.11337 0.619

0,0012;08 0.12105 0.662

0,000993; 0.13663 0.747

0.0004981 0.27727 1.138

0.0903325 0,39343 1,486

0.0002;97 0,_4009 1._05

0,0_0201_ 1.0159_ 2.121

C- Zb

VISCOSITY THERMAL DIELECTRIC PRANDTL

OIrFUSIVITY CONSTANT NUMBER

SQ FT/HR

423

0.00F28 1.25559 2. Ll19

0.00651 1.25276 1,0028

0,00652 1.24966 1.6107

0.006;7 1.2_636 1.;730

0.0063_ 1,2428q 1,3004

0.00619 1.2392] 1.30_0

0.00607 1.23539 1,2;52

0.00591 1.23133 1.2021

].00570 1.22701 1.1757

0,00547 1.22239 1,1627

0.00521 1.217;4 1,1623

0,00_9] 1.21209 1.t720

0.004_ 1,20630 1.1940

0.00431 1.19995 1.2331

0.0039_ 1.19289 l*Zq;2

0.0035_ 1.10_0_ 1.3091

0.0030_ 1.1751_ 1,5367

0.00261 1.16;36 1.7;33

0.0021_ 1.15001 2.0779

0,00166 1.13030 2,603;

0,00154 1,10;7_ 2,0_60

0.0020_ 1.08353 2.3701

0.0027_ 1.07080 1.0653

0.00402 1.05;56 1.2_06

0.0067; 1.0;623 1.0605

0.00860 1.0;069 0.9516

O*010k_ 1.03666 0°8867

0.01227 1.03354 0.8437

0.01_12 1.03102 0.8128

0.01590 1.02892 0,7R08

0.01790 1.02713 0.?725

0.01986 1,02559 0.7579

0,02181 1,02;24 0,7473

0.02376 1.02304 0.7399

0.02569 1.02192 0.7352

0.02936 1.0201; 0.7358

0.03350 1.01061 0.7293

0.03701 1.01731 0,7236

_,04214 1,01620 0,_220

0,04990 1,01523 0.7104

0.0559_ 1.01430 0,7059

0.06195 1.01362 0.7091

0.07354 1.01233 0,7080

0.08;90 1.01127 0.7069

0*09623 1.01038 0.?050

0,10264 1.00963 9.?0;;

0.11921 1.0089_ 0.?029

0.13100 1.00841 0.701;

0,14302 1,00791 0,6990

0.15530 1.007;7 0,6982

0.16785 t.00708 0*696?

0.10067 1,00672 0.6954

0.19378 1.006;0 0.69;1

0.20717 1,00611 O._9_q

0.2208; 1.00585 0.691q

0,234_0 1.00561 0.6910

0.24905 1.00539 0.6902

0.26359 1.00510 0,6895

0.278;T 1.00;99 0,6800

0.29360 1,00481 0.6882

0.3090_ 1.00;6; 0,6670

0.32_7_ 1,004;9 0.6873

_.36538 1.G0;15 0.6065

0.;0791 1.00385 0,6859

_,498_3 1,00_7 0.6951

0._0265 1.00270 0.60k2

2,72127 1.00136 0.5365

5.36023 $.00090 0.5320

8.9752] 1.00068 0.5153

15.2012D 1.0005; 0.;456

r

t

T

L

II II II M i M ],I M M M tI I£ iI ii | M II I s



t

C-2b

350 P$IA Z$38AR

TEMDERSTURE VOLU_E

3(G. R CU rr/L8

* 26.258 0.20448

28 O.Z063b

38 0.Z0867

32 0.21119

34 0.21391

3_ 0.2168T

38 O.ZZO06

40 0.22353

42 0.22735

44 0.23156

46 0._3b24

48 0,241_9

50 0.24T42

SZ 0,254Z1

54 0.26Z10

56 0.27149

58 0.28295

60 0.29745

62 0.31667

64 0,34373

66 0,38;29

68 0.444Y9

70 0,52159

?5 0.70881

80 0,86095

85 0.99171

90 1o10874

qS I*21921

LO0 1.32372

105 1.42397

118 1,5Z094

115 1.61533

120 1.70763

125 1.79820

130 1.88733

140 2,06210

150 2.23321

160 2.40153

170 E.56765

180 2.73202

190 E.89462

200 3.05619

220 3.37644

240 3.693rl

Z60 4.00876

280 4.32_08

300 4.63406

320 4.94495

340 5.25495

360 5.564Z3

380 5.87289

400 6.18105

420 6,488_T

440 6,79611

460 7*10313

480 7,40987

500 7.71637

520 8.02_65

540 8.3ZY07

568 8.63488

580 8,94054

600 9.24607

650 10.00943

700 10,77226

800 12,Z9677

100D 15,34306

2000 30.$5870

3000 4S.76961

4000 61.01853

5OO0 76,77577

" TM0-P_ASE 80UNORY

THERMO_NAH]C P_OPFRT[ES OF PAR&HYOROGEN

;SOTHE4H ]SOCH04[ XNTE4NAL ENTHALPY ENTROPY CV CP VELOCZTY

DERIVATIVE DERZVATZVE ENERGY OF SOUND

$U FT-P$IA/La PSIA/4 BTU/L_ 8TU/Lq BTU/L8-Q 8TU I LB *R FT/SEC

3029.88 76,0032 -132.4_3 *119.190 t.20040 1,143 1.525 4362

2926.52 76.5103 -129,809 o116.435 1.30197 1.189 1,631 4312

ZT3D.C2 76.1816 -126.587 -113,063 1.41825 1.236 1.750 4232

2553,85 74.9952 -123,142 *109,_55 1.53466 1.279 10861 4149

2383.43 23.7066 -119,_82 -10_.619 1.65093 1.318 1.975 4067

2Z21.05 72.3395 -115*603 -101,5_8 1.767Z3 1.353 2,091 3989

2062,85 70.8623 "111.509 -97.247 1.88348 1,303 2.212 3910

1703.38 69.1987 -107.182 -92.695 2.00023 1._10 2.3_1 3826

1737.50 67.3532 -102.610 *87.875 2.11778 1.432 2,482 3735

1579,52 65.2888 -gT.zZ5 *82,768 Z.23656 1,4_1 2.630 3642

14Z2.39 62.9845 °92.658 -77,347 2.35704 1,467 2.793 3542

1265.43 60.4067 -87.231 o71.581 Z.47973 1.481 2.975 3432

1114.26 57._53_ -81.466 -65.430 2*60525 1*493 3.178 3315

965,15 54._237 -75.320 *58,895 2.73437 1.503 3.413 3186

817._6 51.0138 -68.734 -51,747 2,86827 L.513 3.701 3043

677,68 57.3271 -61.606 -44,010 3,00894 1.525 4.051 2888

543,79 43.3506 *53.807 °35,468 3.15877 1,538 4.510 2718

419.4_ 39.0389 -45.137 -Z5._$9 3.32161 1,553 5.125 2_32

307.88 34.36_8 -35.307 -14,784 3.50313 1.574 S. 990 2330

212.65 29.3208 -23.87t -1.593 3.71242 1.603 7.264 2113

143.23 24.1792 -10.292 14.614 3,96167 3.648 9.015 1985

107.01 Lg.16_7 5.220 34.060 4._518Z 1.698 10,256 1730

10_,43 15,4517 20.297 54.102 4._4268 1.70! 9.764 1666

156.12 10,4181 48.218 94.154 5.09668 1,652 6.503 1687

_16.24 8,1304 66.507 122,306 5.460S9 1.608 bo965 L759

2_1.30 6.80_1 60.032 145.105 5,73724 1.587 4.228 2830

320.72 5.9438 93.187 165.045 5.96531 1.581 J. 837 1899

367.49 503028 104.552 183,570 6.16569 1.$83 3.504 1963

411.16 ;.79_4 115.301 201.091 6.39550 1.590 3.405 2020

452.56 4.3958 125.503 217.791 6.508;8 1.59_ 3.282 2075

492.15 4.0672 135.402 233.975 6.65907 1.613 3.197 2126

530,26 3.7909 145.112 249.803 6.79979 1.632 3.138 2173

567,16 3.55_6 154,720 265.393 6,93250 1.657 3.101 2217

503.03 3.3496 164.294 280.837 7.05859 1.687 3.079 2258

638.03 3,1698 173.890 296.209 7,17917 1.721 3.071 2297

705._9 2.8679 193.328 326,974 7.40715 1,803 3.087 2366

771.50 2,6235 213.327 358.063 7,6Z162 1.899 3,135 2429

835.35 2.4_08 234.094 389.738 7.82603 Z. 0OS 3.203 2487

897.81 2.Z494 255.765 _22.276 8.02265 2.116 3.286 2541

95_.14 Z.1022 278,416 455.479 8.21298 2.229 3.375 2594

1019.25 1,9723 302.204 489.806 8,39825 2.345 3.470 2643

1076.75 1.8598 326.880 524.953 6,57639 2*450 3.559 2694

1195.86 1.6710 378.948 597.777 8.92534 2,634 3.718 Z797

1311,02 1.5185 434.041 873.433 9,25421 2.773 3.840 2900

1424,72 1,3924 491,269 751,078 9.56509 2.866 3.919 3004

1537.29 1.2862 549.829 829,945 9.85?22 Z,916 3.qs9 3109

1_48.95 1.1955 608.898 909.233 10.13085 2.933 3,967 3214

1759.90 1.1170 667.951 988.435 10*38654 2.923 3.951 3319

1_?,26 1.0484 726.573 1067.14_ 10.6Z478 2.897 3.919 3424

196C.14 0,9879 784.505 1145,125 10.84771 2.861 3°878 3§26

2089*_G 0*9342 841,608 1222,233 11.05618 2.819 3.833 3628

2198.73 0,8860 897,828 1298.425 11.25167 2,777 3,787 3727

2307.56 0.8427 953,177 1373.717 11,43533 2.736 3.743 38Z5

241_.1_ 0.8034 1007.714 1448.174 11,60855 2,657 3.703 3920

2524.51 0.7677 1061,501 1521.858 11.77234 2.663 3.66? 4013

2632,69 0.7351 1114,627 1594.865 11,92748 2.633 3.635 4103

2740,70 0.7051 1167.173 1667.275 12,07543 2.607 3.607 4191

2840.57 0.6775 1219.2_Z 1739.174 12,21656 2.585 3.584 4277

2956°88 0.6519 1271,0_0 1810.831 12.35176 2.566 3.563 4361

3064,_3 0.6283 1322,202 1881.833 12.48038 2.550 3.546 4443

3171.88 0.6063 1373,158 1952.599 12,604_0 2.537 3.532 4523

3279.25 0.5859 1423.909 2023.172 12,72406 2,527 3,521 4601

3547.35 0.5404 1549.881 Z198.597 13,00520 2.508 3. SO0 4789

3815,cq 0.5014 1675.147 2373.302 13,26439 Z._97 3.488 4969

4349,80 0.4384 1924,43E 2721.392 13.72952 2,489 3.478 5307

54L7.39 0.3584 2422.241 3416,633 14.50471 2.485 3.477 5921

10744.84 0.1750 4969,575 6950.101 16,94626 2.644 3.630 8267

16068,88 0.1167 7755.791 1072_.143 18,46220 2.925 3.911 9977

21392*35 0.08?5 10866.?gT 14821.440 19.83448 3.328 4.330 11355

26715.65 0.0700 14785,648 19f61.720 21,76574 4,69_ 5,837 12405

r
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350 P$IA ISOBAR

THFRMOL)_NAMIC PPOP_PTIES OF PARAH¥DROGEN

TEHRERATJRE DENSITY V(OH/DV) I V(DP/DU)_. -VtOPIDV)]

DEG. R LBICU FT 81U/L5 _'SIA-CU _T/_TLJ PS_A

26.250 ,.090k9 302.18 13.$91 15062.13

28 4.8,580 302.27 13.278 1.181.33

30 ,.79226 300.60 12.860 13082.55

3? W.23516 30_.[7 12.3_ 120q2.89

3" 4.67k02 Z�_._L 11.qE? 11142.12

36 ,.61111 296.0q 11._7 102,1.52

38 ,.5,430 ?97._ 11.Z?_ 937h.21

WZ W.39055 _81.55 LO.6q3 76_.47

_ _.31858 27_.82 10._1_ 6821.28

.6 ,.73300 _67.00 1_.t_l _O?O.q7

50 4.0_Ib, 2,8._3 9.5,1 4503._Z

52 3.03371 238.09 9.20_ 37qt_.61

5_ 3.81530 226.20 8.$3 c 3118.08

56 3.68336 213.67 _._26 2,qf.14

58 3.53421 tq9.9_ 7.q75 1931.86

60 3.36180 18_o12 ?._77 141P.1_

62 3.15?87 16_."& 6.91_ 972.2,

6_ 2.9092? 153.27 6._06 618.65

66 2.60221 13e. Q& 5.638 372.72

68 Z.2_226 I78.69 5.07_ 2,C.,8

TO 1.91121 [26.51 _.131 200.21

?_ 1.A1001 137.4_ 4..5q _?0._6

00 1.161_0 153.37 .._3 251.16

85 1.00836 170.01 _.?_2 _73.57

90 0.90192 186.76 4.169 _89.22

95 0.820?0 203.74 _.08_ 301._?

tO0 0.755W5 ZZO.5_ 3.q92 310.G1

105 0.20226 237.30 3.q1_ 317.82

110 0.65749 25_.3_ 3._35 323.50

115 0.61q07 271.75 3.75L 320.?7

120 0.58561 289.71 3.663 332.13

125 0.55611 300.29 3.571 335.35

130 0.529_5 377.58 3.,7_ 330.06

1k0 0.k8_9, 368.51 3.280 3,?._?

150 0.,.279 ,12.76 3.086 3_S._7

160 O.kl6_O _6C.27 Z.900 3.7._,

170 0.389_6 510.76 2.??q 3_q,66

180 0.36603 563.70 2.576 351.07

190 0.3kSk7 61_.50 2..3_ 35_.]2

ZOO 0.327Z0 67_.56 2.320 352.q7

Z20 0.29617 T0_.13 Z.142 35W.10

ZkO 0._7073 897.49 ?,022 35k.93

260 0.2,945 1000.37 l.q_? 355.,0

280 0.2313? iOqk.?Z 1.g06 35n.68

300 0.21529 L180.67 1.8e_ 355.83

320 0._0223 1258.23 1._ 355.90

3_0 0.19030 1330.35 1.902 355.90

360 0.129?? 1596.94 1.q?? 355.87

380 0.17022 1_5q.73 1.9_6 355.80

_00 0.161T0 15ZO..? 1.97_ 355.72

_0 0.15kll 1579.70 1.999 35_.62

_0 0.1421, 1638._5 2.02_ 355.52

W60 0.1"O?& 1697.,5 Z.QW8 355.,1

_60 0.13_96 1T56.80 2.069 35_.29

500 0.12959 1816.96 2.087 355.$_

520 0.12_5 187?.9_ 2.103 355._7

5_0 0.12006 19_0.15 2.116 355.01

560 0.11581 ?003.22 2.127 35_._q

580 0.11185 Z066.91 Z.136 35_.78

600 0.10815 Z131."7 2.1"4 354.66

650 0.09991 2Z95.81 2.157 35_.k0

700 0.09203 2_63._9 ?.163 35k.16

800 0.08132 Z_06.73 2.166 353.7.

1000 0.06518 3503.6_ 2.160 353.00

2000 0.03222 ?2q2.01 2.023 351.61

3000 0.02105 11769.29 1.026 3s1.0e

,000 0.01639 1_350.22 1.60_ 350.5_

5000 0.01302 29012.,5 1.1_6 3.7.06

TWO-PHASE BOUNDRY

2 2,,

(OV/OT_/V THERMAL #ISCOSIT
CONDUCTIVITY

LIDEG. _ i_TU/FT-HR-R LB/FT-SE
X 10

0.0050,_0 0.0.7.9

0.00539_1 0.051_"

0.00_230 0.05531

0.006201h 0.057?0

0.0066151 0.0592,

0._D?063" 0.06053

0.00755_3 0.06201

0.00=1268 0.062 _8

ClZb

0.008113_ 0.063,9

0.009_7t3 0.06361

O.010WBOfi 0.06337

0.0t152T6 0.06279

0.012T?_ 0.0619J

0.0143340 0.06075

0.0L63606 0.05930

0.018q601 0.05731

0.0??5566 0.05501

0.02768W9 0.05236

0.0353,60 0.05038

0.04?]950 0.04838

0.0640729 0.0,6?5

0.0796946 0.043W1

0.0_7177, 0.03966

0.047Z999 0.03273

0.0373713 0.03030

0.02,87t5 0.02q5,

0.0205_T9 0.02952

0.0175930 0.029_1

0.015,306 0.03030

0.0138317 0.030_3

0.0125601 0.03175

0.0115,3! 0.03267

0.01070_3 0.03363

0.0099_85 0.03,6_

0.009376_ 0.0356?

0.00037_9 0.03757

0.00759,1 0.0.020

O.00695q, 0.0_3_g

0.006_330 0.0.631

0.0059800 0.05266

0.0056012 0°05?35

0.00526B_ 0.06168

O.00,TIBO 0.06_30

0.00,2T92 0.07559

0.0039177 0.00063

0.0036162 0.08,5"

0.0033597 0.0875"

0.003138_ 0.00q_1

0.002_.50 0.09155

0.00?7762 0.09?93

0.0_26255 0.09,05

0.007_90_ 0.09506

0.00?3696 0.09601

0.002?599 0.09695

0.00_1601 0.09792

0.00Z0689 0.0909k

0.0019852 0.10002

0.001_0_2 0.t0115

0.001_362 0.1023W

0.0017703 0.10360

0.0017090 0.10"91

0.00165t9 0.10626

0.00152.7 0.10979

0.001,1_ 0.113"9

0.0012393 0.1_119

0.000_923 0.13680

0.000,9T_ O.ZT??7

0.00033?3 0.39336

3.000ZW96 0.54,91

0.0002012 0.98653

y tHERMAL DIELECTRIC PRANOTL

qIFFUSIVITY CONSTANT NUMBER

C $Q FT/HR

02 _

I.fi13 0.00637 1.25623 2.0q52

1.608 0.00656 1.25321 1.8212

1.423 0.0065q 1.2506q I.6217

1.275 0.006_5 1.2_7_ 1.,007

1.15_ 0.006_? t.?k, Oq 1.3853

1.05, 0.0067_ 1.2,051 1.3108

0.969 0.00617 1.2367T 1.2447

0.896 0.0060t 1.23782 1.1990

0._32 0.0058? 1.2206, 1.1707

0.775 0.00560 1.22,?0 1.1536

0.223 0.00536 1.219,5 1.1k70

0.676 0.00510 1.21_36 1.1533

0,632 0.00_82 1.20_58 1.1679

0.59t 0°00,5? 1.2029. 1.1q_8

0.551 3.00_20 1.196_5 1.8303

0.513 0.00384 1.1_925 1.3047

0._75 0.003_5 1._011. 1._000

0.,36 0.0030_ 1.1_t82 1.5379

0.39T 0.002_6 1.16085 1.7010

0.357 O. O02Zq 1.14757 1.9298

0.316 O.OOlq7 1.13132 2.21,0

0.Z77 0.001_8 1.112?3 2.3560

0.?_ 0.00212 1.0956_ 2.1982

0.213 9.00357 1.06977 1.5213

0._01 0.00525 1.05720 1.1875

0.199 0.00693 1.0_953 t.0247

0.200 0.00853 1.04,22 0.q376

0.20k 0.0101_ 1.0,015 0.8813

0.208 0.0117_ 1.0369" 0.0,08

0.213 0o013k2 1.03.3L 0.0126

O.?ta 0.01510 1.03210 0.2690

0.223 0.0168_ 1.030Z0 0.7721

0.229 0.01852 1.02855 0.7591

0.23, 0.02023 1.0Z710 0.7099

0.2,0 0.02197 1.02501 0.7_37

0.251 0.02510 1.02360 0.7_22

0.262 0.02869 1.0_I78 0.73_5

0.2?3 0.032,_ 1.0202, 0.7277

0.Z04 0.0361q L.0109Z 0.7?5?

0.310 0.0,26] 1.01770 0.71,6

0.328 0.0_783 1.01677 0.7132

0.3.3 0.05?96 1.01508 0.2125

0.360 0.06293 1.01,37 0.7107

0,388 0.072?2 1.01313 0.20q3

0."0" 0.082,T 1.01209 0.7078

0.41q 0.09?30 1.01121 0.7061

0._32 0.10227 1.010,5 Q.70k4

0._,_ 0.117,I 1.0097q Q.7077

0.,55 0.12276 1.00921 0.7009

0._65 0.13333 1.008/0 0.699?

0,_26 0.1q_13 1.00024 0.6976

0._85 0.15516 1.00203 0.6961

0._95 0.1664. 1.007_6 0.69,7

0.50_ 0.1779_ 1.00712 0.6935

0.51. 0.18920 1.00601 0.692_

0.5?3 0.20170 1.00653 0.691_

0.532 0.21396 1.00627 0.6906

0.5.1 0.226_6 1.00603 0.6899

0.550 0.?3926 1.005&t 0.6091

0.559 0.25226 1.00560 0.6805

0.568 0.2655? 1.005,1 0.6800

0.5?6 0.Z290, 1.00523 0.60?5

0.5q0 0.313q5 1.00_83 0.6867

0.620 0.350.9 1.00_.9 0.6860

0.663 0._28,3 1.D0393 G.685E

0.7_8 0.6036q 1.0031_ O.68kZ

1.1,0 Z.33_01 1.0015_ 0.5373

1.,8_ _.6030. 1.00105 0.5329

1.008 ?.6?833 loO00?q 0.5173

2.11_ 12.q7753 1.00063 0.,502

[

r

L

II lJ Jt ,U U 11 II I[ ]L ;t



C- 2i)

;00 PSIA IS3_]A _

TEMPERATURE VOLU_E

3EGo R 3U FT/LB

Z6.WS_ 0,20;01

28 0,Z056;

30 0.207_9

3Z 0,21033

34 0,21297

36 0.21583

38 0.21891

WO 0.22_26

W2 0.22590

4w 0.22991

46 0.23435

_8 0.21928

50 0.24W80

52 0.75107

54 0.25820

56 0.26651

59 0.27_36

60 0.2883Z

62 0.30325

6W 0.32_47

66 0,34810

68 0.38Z_8

70 0._2083

75 _.57487
80 0_71371

85 o.n3468

90 0.94317

95 1.04359

100 1.13812

105 1.22870

110 1.31598

115 1._0066

120 1._8325

125 1.56_1_

130 1.6_355

140 1.79S95

150 1.95075

160 Z.0_979

170 2,2_666

18_ 2.39101

190 Z.53519

ZOO 2.67750

220 2.95_53

Z4O 3.23855

260 3,$1539

_80 3,79055

300 4.06k38

320 4.33714

340 4.60904

360 4.86022

380 5.15080

400 5.4Z088

420 5.69053

4kO 5.95981

• 60 6.22070

480 6°49746

500 6.76591

520 7.03514

5;0 7.30_64

560 7.570_1

580 7.83803

600 8.10552

650 8.77380

700 9.44155

800 10.7_591

LGO0 13._193

ZOO0 26.75638

3000 40.06606

_000 53._0672

5000 57.16606

TW3-PH_SE BOUWDRY

TFFQMO_YNAMIC PP�PFPTIES OF PAPAHY)ROGEN

ISOTHERM ISOCHO_E INTERNAL ENTHAL_y ENTROPY
DE]IVATIVF DF_[VATIV_ FNFPGY

CU ;I-PSIA/_B PSIA/R _TU/LR BTU/L_ 8TU/LB-Q

3130.03 76.1_23 -1J2,J60 -117.249 1.20230

3000.75 76.6694 -130.0_6 -11_._1_ 1.29173

_50g.3_ 76,531_ -126._65 -111._67 1.40718

263C.79 V5.6076 -I_3,_63 -10_.884 1.52275

Z_57,62 74.3516 -ilq.55_ -10_.080 1.63806

229_.59 73.01_3 -i1_.034 -100.04q 1.75326

213R.C_ 71.56_ -112.00; -95._89 1.86037

19RC,30 69,953_ -107.752 -91.290 1.98376

1822.66 68.IE39 -103,271 -86,539 2.0996_

1663.6_ 66.169_ -q8._2 -81.517 Z._1655

1503.39 63.9578 -q3.5_ -76.190 2.334_2

1352.R7 61.5_27 -_8.275 -70.551 2,45_60

1198.82 58.9058 -_2.695 -6_.563 2.57702

1058.5_ $5.B553 -76.173 -58.176 2.702_

]15.59 52.6327 -70._5 -51.361 2.83093

775.8l 49.2728 -63.755 -_,015 Z.96438

54F.51 _.6294 -56._q5 -36.025 3.10454

524.18 _1.7_W6 -48,599 -27.34] 3.25337

;12.57 37.6_86 -39,919 -17.45_ 3.41377

315.32 33.29_5 -30.269 -6.384 3.58950

23;.8! 28._197 -19._40 6.$43 3.78526

LTP.C1 2_._021 -7.352 _L.OOR _.OOWtO

145.08 Z0.4066 5.618 37.381 _,24138

1_1.59 13.6350 35._68 77.9k_ 4.00190

_03.13 10.2R1; $6.796 109.66_ 5.211_3

267.29 _._0_6 73.038 134.962 5.51769

30_.1_ 7.2033 86.6_2 1_6.501 5.76521

356.0_ 6._519 90.783 176._81 5.977_0

_01.02 5.7293 110.156 194.456 6.16558

443.81 5.2202 120.85; 211._63 6.33546

_8_.65 4,8069 131,151 228,62_ 6.;91_3

523.93 ;,4632 I;I._90 24_,935 6,636_5

561.87 _.1718 151.073 260.936 6.?7_66

598.70 3.9209 160.883 276.736 6.q0165

634.59 3.7020 t70.68_ Z�2.WZO 7.02_60

70_.01 3,$376 190.W60 323,707 7.256_4

770.96 3,04_q 210.7_8 355.21_ 7.47393

835.97 2._036 331.71_ ]87.244 7.68059

599.45 2.6007 253.56_ 419.977 _.87901

961.69 2.4273 276.375 _53,53; 8.07080

1022.51 2.27_1 300.328 488.108 8.257_1

1082.72 2.1423 3_5.126 5_3.452 8.k3856

1201.03 1,9220 377.399 596.60_ 8.78709

1317.19 1,74;6 432.655 672,532 9.1171k

1431.72 1.5983 _90.018 750._01 9.42891

1544.99 1,_755 5W8.69Z 829.4_5 9,7Z173

1657.27 1.3707 607._58 908._03 9.99592

1768.75 1.2802 666.995 98_.244 10._5_05

1879.57 1.2011 7ZS.bql 1067.078 10.49066

1989.85 1.1315 783.687 1145.161 10.71390

2099.60 1.0696 8_0.848 1222.364 10.92262

2209.12 1.01_3 897.119 1298.639 li.11833

2310.2_ 0.9645 95_.515 137_._00 11.30218

2427.08 0.9194 1007.09h 1448.533 11.47556

2535.6_ 0.878_ 1060.919 15Z2.279 11.639_8

2644.07 0.8410 1114.080 1595.342 11.79;7k

275_.27 0.8066 1166.659 1667.804 11.94280

2560,31 0.7750 12t8.738 1739.751 12.08402

296R.95 0.7k56 IZ70.5_W 1811._85 12.21935

30TE.E; 0.7185 1321.791 188Z.525 12,34806

318_,21 0.6934 1372, T71 1953.327 12.47212

3291.69 0.6700 1423.543 Z023.912 12.59183

356_.03 0.6178 15_9.560 2199.428 1Z.87309

30ZT.96 0.5733 1674.86k Z374.191 13.13237

4362.96 0o5011 1926.207 Z7Z2°370 13.59761

5430.90 0.4005 2_22,089 3417.722 14.37293

10758.86 0.2000 4969.535 6951.358 16.81461

16002.99 0.1333 7755.?09 10?Z3.369 18.3305_

21;06.k9 0.1000 10862.859 14818,650 19.70174

Z6729.80 0.0800 14739.168 19714.102 21.6233_

CV CP VELOCITY

OF SOUND

_TU I LH -R FTISEC

1.188 1.617 _351

1._35 1.735 42_7

1.277 1.847 _198

1.316 1.959 4116

1,351 2.07_ 4038

1.381 2,189 3962

1.408 2.]17 1881

1._30 2.;42 3797

1._50 2.58; 1706

1.W67 2,739 3607

1._80 Z.903 3506

1._93 3.093 3393

1.503 $._92 1277

1.51_ ].533 3148

1.523 3._8 3006

1.534 _.180 2855

1.5_6 W.616 2693

1.560 _,184 2520

1.5 78 5. 910 2339

1.603 6. 841 _15_

1.6 33 ?. _08 1986

1.664 5._68 1855

1.663 T.292 1755

1.628 5.555 1792

1.60_ ;o616 1852

1.593 4.090 191_

1.593 $.Z64 197_

1.599 3.563 2034

1.607 3._09 2089

1.6Z0 3.302 2139

1.639 3.227 2L86

1.663 3.177 ZZ30

1.692 ].146 2271

1.726 $o130 2309

1.807 1.13; 2379

1.902 3.173 2_1

2.007 3.235 2499

Z.118 3.313 2553

Z.231 1.399 2605

2.348 3._92 Z654

Z.453 $.578 Z705

2.636 1.733 2807

2.775 3.852 2910

2.86_ 3.929 3015

Z,918 1,967 3120

2.93_ 3.97_ 3Z25

Z. Q2_ 3,957 3330

Z.898 1.9Z5 3_3_

2.862 1.883 3_37

2.820 J°837 3630

Z.777 3. 791 3738

Z. 736 1. 747 1835

2.698 3° 706 3930

2.664 $°670 40Z3

2.63_ 3.637 4113

2.608 3.610 _ZOl

2.585 T. 586 _287

Z.566 1.565 4371

2.551 3.5_8 4653

2.53_ 3,534 4532

2.5_? 3.523 _610

2.508 3.50_ 4799

2._97 _.489 _9W8

Z,489 3._79 5315

2.489 3,_77 5929

2.64; ].630 8272

_.925 $°911 9982

3.317 ;.318 11362

4.60_ 5.739 1Z6Z0
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k00 )SIA ISOBNR

THERMODTNAMIC PROPERTIES OF PARAHY_ROGEN

TENRERATURE DENSITY @(DMIDV)p

DEG, R LB/CU FT BTUILB

V(DP/OU} V -VIOP/DVI T

PSIA-CU FTIBTU PSIA

26.WSW W.q0171 307.11 13.551 1S3_2.53

26 k.06281 307.70 13.27E %k592,09

30 W.81037 306._3 1Z.88_ 13513.80

32 k.71439 305.$5 12._49 17507o80

34 _.69S42 303.98 12.031 11539.56

36 k,63330 301.74 $%.666 10631.55

30 _.56809 79e.73 11.3_3 9766,95

_0 k,W9931 29h.49 II.OW3 8909.98

kZ _._26&q 78g.08 IC,765 8068.36

k4 _.3kg47 287.5_ 10._90 7235.93

_6 _.26715 _7_.77 10,220 6415.20

_8 4.17927 ?66.88 9.9k2 5653.95

50 h.O_h_l ?$7.50 9.6_5 _097.07

5Z 3.98301 _4_,S0 9.329 _216.18

5_ 3.07?93 737.02 0.99_ 3546.03

56 3.75223 2?E.J_ 8.8?3 7911.00

58 3.610_% 213,95 0.222 2335.71

60 3.46833 201.03 7.788 1818,03

62 3.2976W 107._0 7.315 1360,36

64 3.1010S 17_.58 6.80_ 977.83

66 2.87ZT7 160,%1 6.260 67_.51

68 2.61177 1_.77 5.7?0 46_.92

70 2.33%}3 L41.17 5.259 3_0.19

75 1.739_W IN1.0? W.713 Z63.69

80 1._0L12 153.76 4.508 20_.61

85 1,19801 169.24 _.376 308.25

90 1.060Z5 185._8 _.26_ 326.68

95 0,998Z3 202.18 _,161 3WI,21

100 0.878b_ 219.10 _.077 352.35

105 0.81387 73_.89 3.99? 381.20

110 0.75989 252.96 3,905 36_.29

115 0.713_5 270._5 3.8i5 37_.02

[ZO 0.67_Z0 288._7 3.722 378.81

125 0.63934 307.10 3.625 382,77

130 0.60&_4 32E._ 3.526 386.11

1_0 0.55588 367.4? 3.32_ 391.35

150 0.51262 _11.81 3.123 395.21

160 0,k76?4 _59._Z 2,933 398.17

170 0.4_5[0 510,00 Z.750 _00.35

[80 0._1809 563.06 ?.602 407.08

[90 0,39_5 61_,25 2._56 403.33

ZOO 0.37347 575.38 2.339 40_.37

220 0.33709 78_.29 2.158 _05.82

Z_O 0,30870 89_.01 2,036 _06.72

260 0.28446 100J,77 1.959 _07.27

200 0.26381 1095.97 1.917 _7.59

300 O.Zh60_ 1187.2_ 1.89_ 407.75

320 0.?3057 1260.E2 1.899 _07.81

3_0 0._1696 1332,50 1.910 407._0

360 0.Z0491 1399.33 1.930 407.74

380 0.19_14 1462.31 1.95_ _07.6_

_00 0.18447 1573,18 1.980 _07.52

_ZO 0.17573 1582,E0 _.006 407.39

k_O 0.16779 16Ni._9 2.031 _07.2_

460 0,16055 1_00.61 2.05_ 407.09

LaD 0.19391 1760.06 2.075 406.94

_00 0.1_780 1820.31 2.0_3 _06.79

_20 0.1_16 1881._ Z,109 _0_.63

_kO 0.136g_ 19_3.76 ?.122 _06.56

560 0.13209 2006.09 Z.132 406._0

580 0.17758 _070.23 2.1_% _06.75

600 0,12337 213_.2_ 2.1_9 k06.10

650 0.11398 2299.29 2.181 405.76

700 0.10591 2467.56 2.168 405.44

800 0.09700 7810,8_ 2.170 _0_.88

1000 0.07_39 3507.90 2.153 404.03

2000 0.03737 7297.56 2.0_ k02.t0

3000 0.02_96 11773.06 1.827 k01.N1

W000 0.01072 17305.98 %.610 _00.82

9000 0.01489 2_549.6S 1.167 397.97

TWO-PHASE 80UNORY

C 2b

¢3V/OT_/V THERMAL VISCOSITY THERPAL DIELECTRIC PRANCIL
- CONDUCTI#ITT OIFFUSIVITY CONSTANT NUMBER

1/OEG. R BTUIFT-HR-R L_IFT-_EC SQ FTIHR
X 10 _

0.004965_ 0.0_823 1._27 0.006_5 1.25687 2.0798

0.00575_2 0.05708 1.643 0.00667 1.25467 1.8371

0.00566]2 0.05561 1.45k 0.00666 1.25171 1.6331

0.0060_8 0.05806 1.302 0.00_61 1.2_85& 1._909

0.006_]2 0,05966 1.178 0.006_q %.24S24 1.3925

0.0068676 0.06201 1.07& 0.00E35 1.2_176 1.3152

0.0073272 0.06255 0.989 0.0062& 1.23811 i._k60

0.007_51[ 0.06358 0.915 0.00611 1.73426 1.1977

0.0_84483 0,06_16 0.850 O. O05q4 %.23071 1.16_7

0.0091_k_ 0.06_3_ 0.7_? 0,0057_ 1.22591 1.1_51

0.0099697 0.06_Z0 0.740 0.0054_ 1._2134 1.137_

Q.010_778 0.06370 0,_93 0.00525 I,_16k7 1.1369

0.01700_ 0.06?93 0.64_ O.O0_q_ 1.21125 1.1_7

0.0132475 0.06189 0.608 ].00_?P %.?0S69 1,16k6

0.0140560 0.06060 0.569 0.00_3 1.19961 1.1952

0.016926; 0.05880 0.93? O.OOkO_ 1.19300 1.2_70

0.0195355 0.05676 0.4_ 0.003?5 1.10571 1.31_k

O.OZZ_61_ 0.05_E 0._60 0.00340 %.$7757 1.k039

0.027660_ 0.05909 O.;Z5 0.00305 1.16836 1.5210

0.0340N93 0.0S024 0.389 0.0027_ 1.15781 1.6_74

0.04272_ 0.0_827 0.35_ 0.002_5 1.14563 1.8054

0.0524069 0.0_597 0.319 _.00225 1,13183 1.9517

0.059_57 0.0N346 0.Z89 O. OOZZO %.11715 Z.0237

0.0517087 0.03684 0.240 _.00290 1.0865Z 1.7068

0.0361250 0.03311 0._19 0.00_Z5 1.06928 1.37_3

0.0277719 0.03161 0,211 0.00572 1.05904 1.1115

0.0220500 0.0311k 0.210 0.00718 1,09212 0.9915

0.0186[50 0.03116 0.211 0.0086_ 1.0_70_ 0.9172

0.0167601 0.03150 0.214 0.01006 1.0_306 0.0711

0.0144522 0.03199 0.2%8 0.01153 1.03984 0.8358

0.0130518 0.03270 0.272 0.0130_ 1.03716 0.0081

0.0119317 0.03355 0.2?7 0.01_56 1.03489 0.7060

0.011012_ 0.03_45 0.232 0.01609 1.03292 0.7713

0.0107432 0.03540 0.?38 0.0[760 %.03120 0.7600

0.0095881 0.03630 0.2_3 0.01910 1.02968 0.7523

0.00852_5 0.03819 0.25_ 0.0Z192 1.02709 0.7496

0.0077044 O.Ok00_ 0.265 0.02511 1.02_96 0.7398

0.0070_21 0.04382 0,275 0,0204_ %,07310 0,7317

0.006_961 0.0468? 0.Z06 0.03175 1.02165 O.TZSk

0.0060368 0.09286 0,310 0.03719 1.02033 0.718_

0.0056383 0,057_9 0.328 0.04175 %.01917 0,717_

0.00529_0 0.06179 0.3_3 0.04624 1,@1814 0.7158

0.0047361 0.06937 0.368 0,05_99 1.01640 0.7%35

0.004_89_ 0.0756_ 0.388 0.06360 1.01W98 0.7116

0.003924_ 0.08067 0,405 0.07217 1.01380 0.7090

0.0036200 0,00458 0.419 0.08001 1.01279 0.7079

0.0033615 0.08750 0._32 0.0895? 1,01193 0.7059

0,0031391 0.00986 0,4_ 0.098_9 1.01117 0.7039

0,0029_5_ 0.0916! 0.495 0.10750 1.01051 0.70?0

0.00?7750 0.09299 0.466 ).11686 1.00992 0.7002

0.0026239 0.09_12 0._76 0.1263_ 1o009_0 0.690_

0.0024889 0.095%3 0._86 0.13603 1.00893 0.6968

0,092367S 0.09609 0.k95 0.1k593 1.00851 O.&g54

0.0022577 0,09?03 0.505 0.15F0_ %.00812 0,6941

0,0021570 0.09801 0.51_ 0.16636 [.00?7? 0.6929

0.00?0666 0.09902 0.$23 0.17609 %.007_5 0,6919

0,0019829 0.10010 0.532 0.1876_ 1.00715 0.6910

0,001_099 0,10125 0.941 0.19661 %.00688 0.6902

0.0010339 0.10743 0,5S0 0.20405 1o00662 0.6094

0.00176_0 0,10370 0,559 0,22126 %.00639 0.6888

0.001706_ 0.10501 0.$68 0.23790 1.00617 0.6802

0.0016447 0.10637 0,977 0.2k_75 1.00597 0,6870

0.00152_7 0.10990 0.599 0. Z7537 1.00551 0.6860

0,0014[_0 0.[1361 0,621 0,3074_ [,005%2 0.686[

0,0012377 0.[7132 0,664 0.]7578 1o00_49 0,6852

0,00099%2 0.13697 0.749 0.$294_ 1.00359 O,68kZ

0,00049?5 0._7777 1,1_2 _o053S6 [,00%80 0.5301

0.000]322 0.39330 1.491 4.0292_ 1.001Z1 0,5330

0.0002095 0.$4235 1.511 6,708_ %,00090 0.5191

0,0002010 0,96?77 Z.I17 1t.267_ 1,00077 0._5_3
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II

TEH_ERATURE _0LU_E

3EG, R _IJ FT/L3

" Zb.6_? 0.Z0355

30 0.?_715

3_ 0,21207

36 0.21_83

38 0.21781

_0 0.?210_

_6 0.25258

_8 0.2372_

56 0,7677_

58 0.??09_

60 0.78173

62 Q._$57

6_ 0.39871

6& 0.3276_

68 0.35[69

70 0.38216

75 0._0677

_0 O.5061O

90 0.81637

95 3.90867

100 O,_5]b

105 1.01825

110 1.157_1

115 1.23_91

120 1,30978

IZ5 1.30797

130 1,_5_79

180 1.59502

150 1,73169

160 L.86_55

170 L.99750

100 _.12765

190 2o?_603

ZOO ?.383_6

220 2._]$5_

_@0 Z.80878

260 3o13187

280 3,37T]t

300 3,671_

320 3.e6_53

380 _.10677

369 4.3_831

380 _.5_}26

_00 _.829?t

_20 5.05979

@90 5.309_1

_80 5.78785

500 b.02670

520 6,76533

5@0 b._OW35

560 C.?_752

580 6.98055

600 7.218_6

650 ?.81277

700 8,_0656

800 9.99892

L000 11.96326

_000 Z3.78_00

3000 35.62995

0000 _7._8878

5000 59.69W55

" TWO-P_ASE BO_q_QY

T_¢pHor0¢N_HIC PP3?_PTI_S 0_- P&R4HYOQOGKN

ISO_H_ [SOCHORE INTFPNAL rNTH&LDY ENTPOPY CV CP VELOCITY

DERIv_TIV? DFPlvATIV; ENFqGY OF $OUN0

3U ;T-_%_a/_ Pgr_/_ _TJIL_ 8TU/L_ BTJILB-R BTU I L@ -R FTISEC

3073.?; ?6.@r_ -130.??D -11}.197 1.20178 1.186 1o60@ _3&@

_?Or. Lq ?_._03_ -123.769 -[06.11_ 1.51116 1.Z76 1,83k WZ_

25Z_.¢_ ?_.977_ -13C._3_ -L02.537 1.6255_ 1.315 L.98_ 8163

Z_6¢, 77 7].E6_,_ -116.@_3 -gq,SWl 1.73973 1.3h9 Z,055 8086

27[0,7_ 77.2_25 -I12._72 -9W.322 1,85378 1.379 Z.168 801Z

Z954.32 70._799 -_0_.290 -89,_71 1.96791 L._06 2.288 ]93G

1_9_.J? 6_,93_ -i]3°@_¢ -85.178 2.08219 L,_Z9 Z.810 3852

I_8_._6 EW._79_ -q..378 -_q.997 Z.3t377 1,866 2.607 3673

1_8".63 5},95_ -83._7 -&J.617 2.55083 1.893 3.011 3_70

_1_.2_ 57.I6C_ -7_.09_ -5T.,0_ 2.67_63 _.503 3.195 3359

_FO.Q_ 50,_92_ -65.577 -_3.77T 2.92kg9 1.527 3.651 3111

7_3._; _7.60_, "58.771 -36,19_ 3.05800 1,53Z 3,937 2975

:?J,:? _.3379 -_1o_|q -_.98. 3.19709 1.5hl @.283 28Z9

511.7_ _3.Z_7 -_3,_3 -13.0ZI 3.3_802 1.553 _.591 2676

_I_.28 36.39_ -3_._66 -_.1_Z 3.500@0 1.565 5.19h 25t8

327._ 32.h193 -75._75 1.817 3.6695] 1.581 5.791 2557

26C._9 Z_._3_ -15.245 1_.061 3.85210 1.601 6. k38 ZZ02

21J.PO Z_,639_ -;.265 ?7._80 @.0;801 1.622 T.Ok8 2065

170._2 17.1151 73._9 6_._70 @,55629 1.655 F.31_ 1868

ZOl,CZ 12.70_3 _7.0_1 g7,55_ k.98_88 1.638 5.998 1889

_qO.O? 10.19_ 65.111 12_.80t 5.315ZZ 1.61_ @°975 1888

299._2 @.6116 _9.97_ 1@8.001 5.58053 1.605 @._S_ 19_1

3_7.78 7.5163 92.9q5 168.713 5,@0_60 1.603 ].962 1996

393.17 6.70{_E 105.005 187.986 6.00199 1,607 3.706 ZOk9

q37,19 6.0@_1 116.1R6 205.03_ 6.17853 1.618 3,527 Z10_

q7_.E1 5.5872 126._7 223.]65 6.33979 1.627 3.806 2156

519.2! 5.16_ 13T,167 Z_0.15_ 6.88908 1.685 3.315 ZZOZ

558.C3 _.8161 1_7._?_ 25_,565 6.6_876 1.668 3.252 2Z85

595._7 @.51k9 157._78 272.718 6.7606@ 1,697 3.21E 2286

632.3_ @._537 167._86 288.?19 6.88609 1, F30 3.188 2323

703.1Z 3.8216 187.603 $20.512 T.121r7 1.810 3.180 2392

771.2F ]._TTX 208.1_2 352._0 r.3_Z03 t.905 $.210 2_S@

837.3h ].1952 229.3_9 38q,810 _.5509_ 2.009 3.267 2511

_01.76 Z.9591 Z51.387 817,53h 7.75110 Z.120 3.3@0 1565

_6_.83 Z.758_ ?7_.3h9 _51.6_1 ?.98_32 2.233 3.822 2618

1026.3_ 2.5806 298._68 _86._5_ 8.13226 2.3$0 3.512 2666

1087.18 2.W28_ 313.3m7 521.996 8.31681 Z,@65 3.597 27i6

1306.E1 ?.175_ _75.863 595._77 8.66W@9 2.638 3.7@8 ZSt@

13_3._9 1.9778 _31.7_? 671.685 8.99568 2.77_ 3.86k _921

1939.00 1.8050 _88,7Y9 789.751 9.30833 Z. 869 3.939 3025

1552,q; 1.668_ 5_7.586 5ZS.qsq 9.60183 2,919 3.976 3130

166_._C 1.5_&q 606.8?_ 308.59_ 9,57656 _.935 3.982 ]236

1777,78 I._1 666.0_8 985.07L 10.13313 Z.925 3.96@ 3380

1589.C_ 1.35_q 7Z_.816 L067.32_ 10.37210 2.899 8.930 388@

139_,71 1.275b 782.87£ 11_5.212 10.5956_ 2.863 $.888 $5_7

2109.88 1.2055 5;0.098 1222.507 10.80_61 2,821 3.8k1 ]6q9

Z?19.73 1.i_,_q _96._17 1298,866 11.00053 2.778 3.795 37_8

23Z_.C3 L.0886 951.859 1178.309 11.18856 2.737 3.750 _@65

Z_38.I? 1.0357 I006..79 18@8.901 11.35810 Z.699 $.709 3940

_5_{,o_ 0.989_ _060.3q2 1522.709 11.52216 2.665 ].678 _033

2555.53 0.9W71 1113°5_8 1595._27 11.6775@ 2.638 8o660 @LZ3

?763.9? 0.9083 1166,189 :660,3Q1 11.82570 2,608 3.612 6211

Z872,12 0._72 _ 12L8.757 1?_0.33_ 11.98701 Z.506 ].58@ kZ97

2_!.10 0.539_ I770.152 15LZ.1_5 12.102h7 Z.567 3.567 8361

3088.°1 0.508_ 13_1.38_ 108].2?3 12.Z3123 2.551 $.550 8662

319e.60 3.7_05 1372.3_6 195_.060 12.35538 2.538 3.536 85_2

330W.1_ 0.75kl 1h23,179 ZO2h.677 12.87518 2.528 3.52@ hTZO

3572.75 0.695_ 15_9.2_2 2_00._63 12,75651 2.509 3.503 _808

38_C.87 0.6_52 167_._83 7375.08_ 13.01587 2.897 3._90 _987

_]78.1_ 0.5639 19_3.9_ 272].]50 13.88123 Z.h@9 3.880 5528

5_@_._3 0._506 2_21,_0 3_18.812 18.25667 Z._89 3,@78 5936

10772.85 0._250 _969._7 6952,615 16.698_9 2.68_ $.630 8Z78

16097.07 0.1500 7755.691 1072_.606 18,218_1 2.925 3.911 9986

21_Z0.60 0.1Z25 108_9,_97 1_516.56_ 19.58672 3.307 _.]07 11S69

Z6?_7.q? 0.0900 I8700.668 1967_.58_ 21,@9811 k.53? _.658 12_3@
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450 PSIA IS3BAR

TH[PMODINAMIC PROPERTIES OF PARA_YDROGEN

TEMPERATURE OEMSITY V(DH/OV)p v(OP/OU) V "V(OP/OV) T

O(G. R LB/CU FT 8TU/LB PSIA-CU FT/BTU PSIA

• 26.64T 4.91200 312.02 13.511 15621.01

28 4.87052 313.13 13.ZT6 14995.90

30 4,82593 312.10 12.g05 13936.88

32 4.77311 310.87 L2.511 12914.55

34 5,71543 304.26 12.D95 11928.34

36 4,65478 307.17 11.731 11012.15

38 4.59106 304.53 11.507 10149.63

40 4.52408 300.65 11.109 9293.91

42 4°45350 295.75 10.831 8550.59

44 4,37081 _89.67 10.560 T629.40

46 4.29953 282.02 10.295 6820.77

40 4.21509 274.03 10.023 6040.74

50 4.1250_ 266.91 9.737 5315.64

52 4.02041 258.00 9.538 4617.$3

54 3,92493 248,41 9.125 3954.18

56 3.81294 237.79 8.787 3320.87

58 3.69053 226.76 8.422 2742.19

50 3.55576 215.95 0.035 2209,91

62 3.50632 202.96 7.618 1743.15

6_ 3,23930 190.59 7.178 1335.50

66 3.05215 1T8.55 6.716 990.46

68 2.043_5 167.58 6,250 750.13

70 2.61660 158.53 5,807 555.20

75 Z.05435 149.56 5.034 350.11

00 1.6_909 156.95 4,702 332.48

05 1.39500 170.30 4.518 344.00

90 1,22493 105.61 4.300 367.26

95 1.10051 Z01,75 4.262 382.73

100 1.00466 Z18.23 _.153 395,00

105 0.92743 235.13 4.063 405.47

110 0.86370 252,23 3.977 413.72

115 o.n0984 269.71 3.880 420.40

120 0.763_1 287.73 3.782 426.06

125 0.12300 306.38 3.680 430.72

130 0.68738 325.75 3.577 434.65

140 0,62695 366,01 3.368 440.83

150 0.5775? 411.21 3.162 _45.39

160 0.53601 _56.08 Z.967 440,02

170 0.50063 509,54 2,780 451,44

t80 0.47000 552.69 Z,628 553.47

190 0,45326 519,17 2.477 454.93

200 0.41956 _T5.44 2,358 556,13

220 0.37953 T88.65 2.174 457.02

240 0.35655 898.72 2.050 550.05

260 0,31930 1002.32 1,971 459,47

280 0.29609 1097.37 1.926 459.02

300 0.27613 1183,97 1.909 459,98

320 0.25076 1262.61 1.908 460.02

340 0.24350 1334,75 1,919 459.98

360 0.22997 1501.79 1.938 459.88

380 0.21790 146_.96 1.961 459.74

kO0 0.20505 1525.99 1.985 559.50

420 0.19725 1505.56 2.013 459.40

440 0.18835 1644,57 Z.030 459.21

460 0,18022 1703.00 2.060 459.01

480 0.17258 1763.35 2.081 450,81

500 0.16593 1023.70 2.099 458,61

S20 0.15961 168_.89 2.114 450.52

540 0.15355 1947.40 2.127 458.32

560 0.14831 2010.50 2.138 450,12

080 0.14326 2054.32 2.147 457.93

600 0.13853 2139.04 2,154 457.74

650 0.12800 2303,59 2.166 557.30

T00 0.11895 2471.54 2.172 456.84

800 0.10524 2815.96 2.173 456,[8

1000 0.08359 $512.20 2.166 455.10

2000 0.04Z02 7302.30 2.025 552.66

3000 0.028P7 117_8.11 2.828 451.70

4000 e,02106 15250.28 1.615 451.09

5000 0,01655 28167,02 1.186 448.01

• TH0-PHASE OOUMORY

C-2b

(OV/OT_/V THERMAL VISCOSITY THERMAL O[ELECTRIC PRANOTL
-- CONDUCTIVITY OIFFU$ZVITY CONSTANT NUMBER

I/OEG. R BTUIFT-HR-R LB/FT°_EC 5Q FT/HR
X 10 _

0.0048875 0.04895 1.041 0.00653 1.25749 2.0654

0,0051231 0.05230 1.679 0.00660 1.25561 1.8537

0.0055158 0.05590 1.405 0.00673 1._5270 1.6553

0.0059006 0.05841 1.328 0.00667 1.25961 1.5019

0.00620_7 0.06007 1.202 0.0005_ 1.25637 1.4004

0,0066895 0.06150 1.097 0.0064] 1.24296 1,3205

0.0071155 0,06308 1.009 0.00635 1.23939 1.2403

0.0076050 0.06416 0.934 0.00620 1.23564 1.1975

0.0001497 0.06581 0.868 0.00604 1,23170 1.1616

0.0007032 0.06507 0.809 0.0058_ 1.ZZ555 1.1392

0.0095009 0,06499 0,T57 0.00562 1.22315 1.1269

0,010]512 0.06557 0.709 0.00539 1.21046 1.1252

0,0112T91 0,06389 0,666 _.00513 1.2134_ 1.1292

0.0123790 0,06296 0.625 0.00580 1.20015 1.1515

0.0135012 0.06180 0.507 Q.0046_ 1.20246 1.1631

0,0153550 0.06016 0.550 0,00432 1.19632 1.2022

0,0173546 0.05830 0.515 0.00401 1.18063 1.2519

0,0190223 0.05625 0,_01 0.00364 1.18231 1,3104

0,0231114 0.05400 0.447 0,00338 1.17422 1.3595

0.0272530 0,05197 0.515 0.00304 1.16522 1,4918

0.0324317 0.0501_ 0.382 0.00204 1.15519 1,5899

0.0385183 0.04815 0.351 0.00263 1.14408 1,6908

0.0445590 0.0_60_ 0.322 0,00250 1.13Z06 1.7550

0.0_80845 0.05046 0.265 0.00260 1.10272 1.7374

0.0382163 0.03607 0,239 0.00365 1,C8193 1,4312

0.020_112 0°03365 0.226 0,00487 1,06902 1.1964

0.0234400 0.03290 0.221 0.00615 2,06039 1.0512

0.0196306 0.03263 0.220 0.00740 1.0551_ 0.9600

0.0169786 0.03275 0.221 0.00870 1.04934 0.9002

0.0150015 0,03309 O.ZZk _.01011 1,045kg 0.0585

0.0135048 0.03350 0,227 0,01146 1,04231 0.0253

O.01ZZqtT 0.03446 0.232 0,01284 1.03964 0.8022

0.0113039 0.03529 0.236 0.01421 1.03735 0.7838

0,0104821 0.03618 0.241 0.01558 1,03534 0.7704

0.0097865 0.03712 0.246 0.0169_ 1.03357 0.7611

0.0086692 0.03081 0,256 0.0194_ 1.03050 0,7566

0.0078055 0.04142 0.257 0.02235 1.02815 0.7450

0.0072292 0.04436 0.2T7 0.02533 1.02611 O.T35T

0.0065548 0,05733 0.286 0.02830 1.C2537 0.7316

0.0060821 0,05306 0.311 0.03292 1.02207 0.7228

0,0056726 0,05765 0,329 0.03703 1.02156 0.7211

0,0053245 0.06192 0.345 0.04103 1.02040 0.7152

0.0045525 0.06946 0,369 0.04805 1.01053 0.7162

0.0042994 0.07570 0,389 0.05652 1.01663 0.7139

0.003930] 0.08072 0.405 0,06418 1.01550 0,711T

0.0036231 0.08463 0.420 0.07189 1.01_36 0,7095

0.0033629 0.0876_ 0.532 0.07971 1.01339 0.7054

0.0031392 0.06991 0.444 0,08765 1.01254 0.?052

0.0029446 0.09167 0.45& 0.09_78 1,01100 0.7031

0.002T737 0.09305 0.466 0.10406 1.01114 0.7011

0.00262ZZ 0.09419 O,kT6 0.11252 1.01056 0.6993

0.0024860 0.09521 0.586 0.12116 1.01003 0.6976

0.0023653 0,09616 0.496 0.12999 1.00955 0,6960

0.0022554 0.09711 0.505 0.13900 1.00912 0,6946

0.0021555 0.09009 0,514 0.14820 1.00873 0,6934

0.0020642 0.09911 0,524 0.15759 1.00835 0.6923

0,0019806 0.10020 0.533 0.16718 1.00803 0.6914

0.0019036 0.10134 0,542 0.17696 1.00572 0.6906

0.0018315 0,10253 0.551 0.1869_ 1,00544 0,6897

0.001T657 0.10360 0.560 0.19715 1.00718 0.6890

0,0015045 0.10511 0.569 0.20752 1.00693 0.6084

0,0015475 0.10547 0.STT D.21800 1.00670 0,6800

0.0015207 0.11002 0.599 0.25537 1.00615 0.6870

0,0014122 0.11373 0.621 0.25393 1.00575 0.6862

0.0012362 0.12146 0.665 0.33485 1.00504 0.6853

0,0009_01 0.13714 0.749 0,47176 1.00405 0.6852

0,0004971 0,27727 1.143 1.81766 1.00203 0.5390

0.0003320 0.39325 1.494 3.50291 1,00136 0.5340

0.0002495 0.54023 1,615 5,95598 1,00102 0.5208

0.0002069 0.94306 2.120 9,95908 1.00081 0.4580
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C-2b

500 PSZA ISOBAR

TEH=ERATURE ¥OLUNE

OEG. R CU FT/LB

26.840 0.20310

28 0.20_26

30 0.20639

32 0.208_1

34 0.21121

36 0.21389

30 0.21677

40 0.21988

42 0.27325

44 0,ZZSgZ

_6 0.23093

k8 0.23535

50 0.24023

SZ 0.24566

54 0.25173

56 0.25_57

58 0.26639

bO 0.27543

62 0.Z8604

64 0.29863

66 0,31376

60 0.33221

70 0.3S46g

?5 0*43121

80 0.52_30

85 0.6Z&4r

90 0._1794

95 0*80297

100 0.88292

105 0.95098

110 1.03199

115 1.103Z0

1Z0 1.17189

125 1.2389Z

130 1.30457

140 L.43253

150 1.55701

160 1.67805

170 1.79861

180 1.91671

lqO 2.03304

Z00 2.1_848

ZZ0 2.3F662

Z40 2.60197

260 2.82523

280 3.04686

300 3.2672?

320 3.48655

340 3.70505

360 3.92286

380 4.14009

400 4.35&84

420 4.57317

440 4.78_14

460 5.00480

480 5*22020

500 5.43536

520 S.65032

5_0 5.86574

560 6.080Z4

560 6.29460

600 6.50883

650 ?.0459P

700 7.57859

800 6.6467Z

LO00 LO.T8033

Z000 21._3300

3000 32.08103

bOO0 42.75096

5000 53.72071

TWO-PNISE 80U_ORY

THERMODYNAMIC PPOPEPTIE5 OF PAPAHYOROGEN

ISOTHERM ISOCHORE INTERNAL _NTHALPY ENTROPY CV CP VELOCITY

DERIVATIV_ DERIVATIVE FNERGY OF SOUNO

0U :I-PSIAILB FSIAIR BTUILB BTUILB BTUILB-R BTU I LB -R FT/SEC

3228.59 76.W911 -132.184 -113.380 1.20606 1.154 1.5Z5 4447

31_;.22 76.9728 -130._81 -111.569 1.Z7210 1.134 1.592 4425

Z962.28 r7.2066 -12T,3r8 -100,26q 1,38591 1.232 1*709 4362

2775.61 ?6.6790 *124.059 -104.735 1.49992 1.273 1.822 4206

2113.15 75.5350 -120.539 -200.984 1.61360 1.313 L.927 4214

2446,28 7_.2665 -116.827 -97.02; 1.72675 1.340 Z. 035 4137

2Z87.49 72.8831 -122.915 -92.845 L.63970 1.378 Z. 146 4062

2132.56 71.3633 -108.797 -88.439 1,95260 1.;05 2.260 390?

1078.37 64.67;8 -104._72 -0],802 Z.06580 1._28 2.379 3908

1823.17 67._126 -99.926 -70.916 2.1794] 1.448 2.506 3023

1665,65 65.7526 -95.150 -73.768 2,29303 1.465 2.644 3732

L517.33 63._958 -?0.130 -68.$40 Z.40933 1.480 Z. 788 3639

1373.00 61.0309 -8_.851 -62,609 2._2630 1.493 2.942 3541

1220.57 5_.3721 -?9.297 -56.5S3 2.64504 1.504 ),115 3434

1095.87 55.53;B -73._48 -$0.141 2.7660? 1.513 3.296 3326

_63.41 52.532; -67.284 -43.34_ 2.88960 1.522 3.508 3zoe

83_.12 49,3_7_ -60.752 -36.080 3,01609 1.531 3°757 3080

71_.63 46.0247 -53.810 -28.309 3.14874 [.539 4.036 2947

50;.9_ 42.5506 -_6.;03 -19.9Z0 3.28625 1.549 4.361 2809

505,77 38.9751 -38.;80 -10.831 3.43051 1.559 4,733 2667

917.35 3_,32_9 -29.R88 -0.936 3.582?3 1.570 $.169 ZSZ3

343.77 31.6815 -20.895 9.86; 3.24390 1.503 5.641 2302

28_.55 28,1313 -11.227 21.612 3.91416 1.597 6.117 2251

210.99 20._866 1_.303 54.22? 4.36396 1.631 6.768 2014

213.46 15.309_ 37,826 86.739 4,78306 1.63r 6.177 1932

250.95 12.1417 57.2?5 115.277 5.13019 1.625 5.254 1939

296,90 10.1357 ?3.305 139.777 5.41044 1.61_ 4.587 1977

343.32 8.7658 87.196 161.540 5.64588 1.611 4.150 _024

388.63 7.2656 99.862 182.608 5.85186 1.615 3.0SS Z073

132.5_ T,0025 11L.539 _00.32_ 6.03;57 1.621 3.646 2124

_74.69 6.3951 122.626 218.174 6.20063 1.633 3.511 2172

516,16 5.9015 133.344 235.48_ 6.35454 1.651 3.399 2219

555.65 5.4860 143.793 252.294 6.49?63 1.673 3.327 Z262

593,92 5.1310 154.066 268.793 6.63233 1.701 3.276 2302

631.25 ;.8240 164.303 285,068 6.76016 1.734 3.245 2335

?03.23 ;.3196 1_._63 317.396 6.99959 1.814 3.225 2407

T?2.;W 3.92_5 205.573 349.731 7.22267 1.907 3.247 Z468

839.46 3.5953 227.000 ;82.439 ?.q33?q 2.012 3.298 2SZS

904.72 3.32_3 249.221 415.748 7.63565 2.122 3.366 2S20

968.56 3.0945 272.338 449.?99 ?.63026 2.234 3.445 2630

1030.66 2.8917 296.624 484.856 8.01953 2.353 3.533 Z677

1092.10 2.7190 321.664 520.58; 6.2026; 2.45? 3.615 2720

1212.56 2.4323 3?4.341 594.]04 0.55425 2.640 3.762 2830

1330.51 2.2030 _29.922 670.829 8.606S6 2.770 3.876 2932

1446.56 2.0150 _87.551 749.129 9.20007 2.871 3.949 3036

1561,13 1,0577 $_6.449 020.547 9.49424 2,920 3.904 3141

16?4.53 L.?240 605.806 900.301 9.76950 2.936 3.989 3246

1786.99 1.6088 665.109 907.916 10,02650 2.927 3.9?0 3301

1898.67 L.5085 723.9_9 1066.986 10.26582 2.900 3.936 34SS

2009.71 1.4202 782.0?3 1145.Z77 10._8965 2.863 3.093 3006

2120.21 1.3419 839,347 1222.663 10.69887 2.821 3°046 36_9

2230.26 1.2720 895.720 1299.10_ 10.89500 2,?79 3.799 37S0

2339,92 1.2091 951.207 1374,621 11.07921 2. T38 3.754 3855

2449.24 1.1522 1005.069 1449.279 21.25290 2.699 3.712 3950

2558.28 1.1006 1059.770 1523.147 11.41720 2.665 3.675 4143

Z667.06 1.0534 1113.001 1596.370 11.57259 2.635 3.643 4133

Z775.63 1.0102 1165.643 1668.084 11.72006 2.609 3.614 _221

2884.00 0.9704 121?.700 1740.923 11.86226 2.586 3.590 4307

2993.31 0.933_ I269.723 1012.011 11.99785 2.567 3.569 4390

3101.25 0.8994 1320.979 1503.977 12.17660 2.552 3.552 4472

3?09.05 0.8678 1372.004 1954.799 12.25000 2.539 3.537 4551

3316.73 0.830_ 1_22.810 2023.449 12.37070 ?.$70 3.526 46Z9

3585.52 0.7730 15_0.926 2201.102 12.65218 2,509 3.504 4817

3853.61 0.7172 1674.305 2375.919 17.91163 2.498 3.491 49_6

4389.36 0.6267 1923.764 2724.333 13.37711 2.489 3o401 5332

5957,96 0.5007 ?_21.792 3419.90_ 14.15767 2._69 3.;70 5944

10?86.83 0.2500 ;969.460 6953.87? 16.59461 2.644 3.630 8263

16111.13 0.1667 7755.501 10725.851 18,11053 2.92_ 3.910 9990

21434.68 0.1250 10856.839 1_1_,994 19.48008 3.299 _.798 11375

26738.01 0.1000 1_668,098 196_1,908 21.38691 k.;71 5.590 12446

r
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500 mSIA TSOBAR

THFRMOOYNAMIC PROPERTXES OF PARAHYOROGEN

TEMPERATURE OENSITY V(OHIOV)p V(DPIOU) V -¥{OPIOVI T

OEG. R LBICU FT @TUIL8 PSIA-CU FTIBTU PSIA

• 26.860 6.92315 318.94 13.468 15896.77

21 6,89567 318.35 13.276 15393.08

30 6.84513 317.61 12.931 14352.66

32 6o79125 315.96 12.552 13298.67

34 ;,73659 315.55 12.148 12372.18

36 6°6TS60 313.42 11.787 11437.36

38 ;.61326 310.68 11.485 10552.81

;0 ;,5;791 307.17 11.189 9698,71

62 6.;7929 302.57 10.89; 8861.70

4; ;.40602 298.9S 10.626 803;,37

46 ;°330Z3 Z90.09 10.363 7213.51

40 ;.24900 _83.08 10.098 64;7.16

SO ;.1626; 275.55 9,821 5715.29

52 ;.07071 768.92 9.535 5001.17

56 3.97267 258.37 9.2k2 6353.33

56 3.86739 2;8.78 8.928 3725.89

58 3.75387 2]8.32 8.590 3131.18

60 3.63053 227.8? 8.238 2594.55

62 3.69605 216.72 7.880 211_.89

66 3.3686; 205.86 7.468 1693,66

66 3.106_7 194.60 7.060 1330.08

66 3.01016 104.24 6.8;7 1034.81

70 2.81960 177.01 6.266 805.07

75 2.31907 161.84 5.416 689.30

80 1.89286 163.02 4.9;0 404.05

85 1.59625 173.34 6.881 400.59

90 1.39286 187.14 4.500 413.96

95 1.2;538 202.40 4.389 477.58

100 1.13261 218.48 4.2;8 ;40.18

105 1.06Z37 736.95 6.144 651.06

110 0.98900 251.91 4.042 660.17

115 0.90665 269.49 3.945 667.87

120 0,85332 287.48 3.8;3 474.15

125 0.80716 306.10 3,736 479.47

130 0.7865; 325.45 3.829 483.87

160 0.69007 366.52 3.412 ;90.90

150 0.84226 610.93 3,20@ 696.10

160 0.59555 ;58,63 3,000 500,07

170 0.55599 509.35 2.817 503.01

t80 0.52173 562,57 2.656 505.32

190 0,69187 619.35 2.499 508.96

ZOO 0.48545 675.73 2.377 500.32

220 0.62077 789.77 2,190 510,20

Z40 0.38632 099.80 2.063 511.35

260 0.35395 1003.53 1,983 517.02

780 0°32821 1090.90 1.938 512.37

300 0,30607 1185.80 1.918 512.53

320 0.28602 1264.70 1.917 512.54

360 0.26990 1337.00 1.927 512.45

360 0.25492 1604.32 1.948 512.31

380 O,761S; 1467,88 1.969 512.1_

600 0°22952 1578.86 1.994 511.90

420 0.21867 1588.57 2.020 511.86

440 0.70881 1867.89 2,044 511,42

660 0.19981 1707.03 2.067 511.16

400 0.19156 1766.67 2,087 510.91

500 0.18338 1877.11 2.105 510.66

520 0.17698 1888.30 2.120 510.41

540 0.17046 1951.07 2,133 510.30

060 0,16467 2014.30 2.143 510.05

500 0.15887 2078,1; 2.152 509.01

bOO 0.1536; 2142.88 2.159 509.5?

650 0.14197 2307.50 2.170 509,02

700 0.13195 2675,5; Z.176 508.51

800 0.11565 7819.09 2.177 507.63

1000 0.09276 3516.50 2,169 506.29

2000 0,06668 7307.05 2.027 903,28

3000 0.03117 11782.50 1,828 502,20

;008 0.82339 17260.93 1.620 501.38

5000 0,01861 27044.04 1.202 698,09

• TWO-PHASE 80UWORY

(i _b

(OVIDT_[V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CON_UCTIiIT¥ OIFFUSIVITY CONSTAHT NUMBER

1/DEG. R BTU/FT-HR-R L_/FT-_EC _Q FI/HR

0.0066i 1.25811

_.00_7; 1.25652

0.0087_ 1.25367

3.00673 1.25063

0.0066X 1.267;;

_.00651 1.2_412

0.006_7 1,24063

].00630 1.2369_

0.00614 I 2331;

_.00595 1 22910

_.00574 1 2748_

3.00_57 I 27033

3. 00529 1 21555

0,00504 1 210wm

o.oow_o 1 2050/

o. o0_5_ I 19930

3.00623 1._9309

0.003q_ 1.1863_

0.00366 1.17907

0.003_ 1.17111

0.0C31_ 1.16241

0°00295 1.15295

0.002_0 1.1;280

0.0027_ 1.116_

0.00333 1.09;39

0.00431 1.07920

0.005;4 1.08888

0.00861 1.061_2

0.00780 1.05575

0.00900 1.05125

0.0107_ 1.04756

0,0127; 1.04180

0.01399 1,03951

0.01523 1.03349

0.01752 1.03410

0.02016 1.03135

0.02286 1.02905

0.0_556 1.C7709

0.02965 1.025;1

0.03328 1.02394

3.03689 1.02265

0.0639; 1.02046

0.05087 1.01867

0°05779 1.01719

0.08;76 1.01593

0.07183 1.01;85

0.0790? 1,01391

0.0873_ 1.01309

0.09383 1.0t236

0.101_7 1.01171

0.10927 1.01117

0.11725 1,01059

0.12538 1.01011

0.13389 1.00968

0.14216 1.00928

O. 15081 1.00891

0.15q6_ 1.00857

0.168_q 1,00825

0.177_ 1.00796

0.1072 x 1.00769

0.1967_ 1.00?43

0.22138 1.00807

0.24714 1,00530

0.30205 1.00S59

0._255_ 1.006;8

1.63_93 1.0022_

3.2258q 1.00151

5._5573 1.00113

@.9025] 1.00090

x 10

0.00_5117 0.0_966 1._56

@.0050007 0.85253 1.715

0.0053793 0.05619 1.515

0.005765_ 0.05876 1.355

0.0061002 0.060;8 1._6

0.006_933 0.06193 1.119

0.0069065 0.06359 1.029

0.00735_0 0.064?3 0,952

0,0070625 0.065;; 0._8_

0.0084k03 0.06576 0.826

@.0391152 0.06574 0._73

0.9098487 0.065;1 0,726

0,0106785 0.08481 0.682

0.0116717 0.06397 0.6;1

0.0127569 0.08791 0._03

0.0140993 0,08139 0.S87

0.0157632 0.05970 0.533

0.0177;09 0.05783 0.500

0.0201233 0.05580 0._68

0.0230124 0.05380 0,_37

_.0265619 0.05188 0,_08

0.0306159 0.05609 0.377

0.0349475 0.0;821 0.350

0.0_18895 0.0;329 _,293

0.0378895 0.03894 0.259

0.030]098 0.03817 0.2;2

0.0245090 0.03_78 0.233

0.0205018 0.03;17 O,Z_q

0.0176427 0.03408 0.229

0.0155753 0.0342_ 0.230

0.0138973 0.03473 0.233

0.0126135 0.035;0 0.238

0.0115719 0.03616 0.261

0.0107024 0.03899 0.245

0.0099696 0.03787 0.?50

0.00@?993 0.039;5 0.259

0.0079025 0.0_201 0.270

0.0071903 0.04491 0.280

0.0066088 0,0_784 0.790

0.0061737 0.05328 0,312

0.0057039 0.057@3 0.330

0.0053491 0.06206 0.]45

0.0063673 0.06956 0.369

@.0043083 0.0757@ 0.380

0.003935; 0.00079 0._06

0.0036297 0.08469 0,;_0

0.0033638 0.08769 0._33

0,00313_9 0.00997 0.4_5

0.0029438 0.09133 0._56

0.0027727 0.09312 0._66

0.0026203 0.09426 0._77

0.0074848 0.09578 0.;_7

0.0023631 0,09624 0.;98

0.0022530 0,09719 0.006

0.0071531 0.09817 0.515

@.0020619 0.09920 0.52_

0.0019782 0.10079 0.533

0.001901_ 0.101_3 0.5_2

0.0018790 0.10263 0.551

0.0017633 0.10390 0,560

0°0017022 0.10527 0.569

0.00E6653 0.10658 0.5?8

0.0015186 0.11013 0.600

0.001;103 0,11305 0,622

0.00123;6 @.12160 0,665

0.0009891 0.13730 0,?50

0.000696@ 0.27727 1.145

0,0003319 0.39321 i,;96

@.0002693 0.538;3 1.@t?

0.000200_ 0.92838 2,_Z_

4_i

2, 0518

1.8708

1.658_

1.5127

1.;060

1.3238

1._501

1. 1967

1.1586

1, 1338

1.1199

1.113;

1.11;2

1.1239

1,1373

1,1665

1.207_

1.2565

1.3162

1,3800

1._579

1.52q9

i.5984

1.8512

1.;807

1.26;3

1,1070

1.0029

0.932;

0.8832

a, o455

0.8175

0.7967

0.7811

0, 7700

O, 7636

0,7502

0. 7397

O. 73;7

0.7289

0,7248

0,722;

0.7189

0.7182

O. 7137

0.7112

O. 7000

0,7065

0.70;2

0,7021

0.7001

0.8983

0.6967

0.6952

0.6939

0.692@

0.6910

0,6909

0.6900

0.6@93

0,6@@7

@.8@82

0.6071

0,886;

0.6853

0.88;2

0.6398

0,535?

0.52_3

0._613

r
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C-2b

550 PSIA ISOgiR

TEMPERATURE VOLUNE

_EG, R CU FTILB

• 27.030 0,?0265

28 0.20362

30 0.20569

32 O,ZOTO;

34 0,21037

36 0.21296

38 0.21576

40 0,21677

;2 0.22202

;4 0.22555

46 0.22938

48 0.23358

50 0.238Zl

52 0.24331

54 O.2;OgT

56 0.25529

58 0.262_2

60 0.27054

6Z 0.27587

64 0.290?2

66 0.30344

68 0.31045

70 0,33624

?5 0.35515

80 0,47287

85 0,55r93

gO 0.6;0?0

95 0.71806

100 0.?9275

105 0.86311

110 0.93063

115 0.90591

120 1.059Z5

125 1,12186

130 1.18Z38

140 1.30019

150 1.41_61

160 1.52645

170 1,63627

180 1,76447

190 1.85091

200 1.95649

220 2.16500

240 2.3?077

260 Z*5?k;q

280 2.77663

300 2.97751

320 3.17740

340 3.3?646

360 3.5?48;

380 3,7?266

400 3.g6099

420 ;.13552

640 4.36350

460 4,55970

;60 4,75579

500 4,95157

520 5,14714

540 $.34327

560 5.53840

500 5.73338

600 5.92825

650 6.41496

700 6.90117

BOO ?.87248

1000 9,81_47

2000 19.49730

3000 29.17?36

;000 38.87637

5000 48.A3537

* TNO-PHAS( BOUqORY

TMERMODVNAMIC PROPFRTIES OF PARAHYDROGEN

ISOTHERM ISOCMORE INTERNAL ENTMSLPY ENTROPY CV C? VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUNO

CU FT-PSIA/LB P$IA/R OTU/LB 8TUILO OTUILO-R 9TU I LO -R FT/$EG

3247,56 76.6463 -132.0q0 -111.451 1.20793 1.167 1.529 445g

3202,48 77.1125 -130.677 -109.939 1.26287 1,183 1.582 ;455

3021.55 ??.4204 -127,610 -106.661 1.37592 1.231 1,697 4393

2$45.68 77.0409 -124,336 -10].158 1,48893 1.27; 1.806 4326

2587,25 76.0?50 -120,059 *g9.434 1,60179 1.312 1.912 426g

2518.13 74,_532 -117.195 -95,505 1.71405 10346 2*015 4163

2358,36 73.5028 -113.336 -91.362 1.82605 1.377 2.127 4109

2204,87 72.0195 -109.277 -86.998 l.g3794 1.404 2.236 4036

Z052,34 70.3823 -105.0Z2 -82.410 2.04986 1,427 2.352 3909

1899.81 68.5?4] -100,556 *77.586 2.16206 1,447 2°;73 3878

1747.66 66,5860 -95.873 -72.512 Z*Z7482 1.465 Z.G02 3792

1598.72 64.4115 -90.963 -67.174 2,38841 1.;00 20738 3702

1452.13 62.0417 -85.809 *61,549 2.50320 1.493 2.086 3606

1313,76 5g.4929 -500401 -55,621 Z.61g44 10504 3*040 3507

1178.83 56,7815 -74.733 -45.377 2.73?25 1.513 3.208 3403

1050,35 53,9]26 -68,776 *42,775 2.85728 1*522 3*354 3294

923.65 50,9359 -62.$06 -36.78! 2.97999 1,531 30608 3176

805.72 47,7975 -55.886 -28.334 3.10621 1.535 3*844 3054

&93.87 44.5510 -48.887 -20.383 3.23654 1.547 4.119 2926

594,10 41,2027 -41.465 -11.859 3,37183 1._55 ;o417 2756

505,37 37,8053 -33.604 -2,?01 3.51272 1.564 ;.747 2665

426.80 34,4047 -25.280 7,152 3.65978 1.574 5.115 2535

284.05 21,0710 -16.504 17,740 3.81322 1.584 S. 470 2414

264.90 23.5579 6.809 47.053 4.21744 1.610 6.154 2165

239,65 17.q484 29.839 77.599 ;,51693 1,625 6,078 2138

_61.01 14.2029 49.774 106.596 ;.96371 1.&28 §.415 2005

299*71 11.7614 66.758 132.018 S*25_43 10621 4.77q 2023

343.?8 10.0932 81.453 1540665 5,69951 1.610 4.312 2060

387,93 8.8859 96,753 175,401 5.71326 1,821 3.990 2103

431.21 ?.9715 106,929 194.832 $,90204 1.626 3.761 21_9

473,41 7.2492 118.417 233.197 6.072g; 1.636 3,596 2195

514.10 6.6639 1Z9.442 220.871 6,23008 1.655 3.;79 2236

554.0g 6.1779 140.159 240.038 6.37622 1,678 3.395 2279

593.59 5,7679 150.715 264.g70 6,51447 1.706 $.33g 2320

631.37 5.4125 181.140 281.560 6.64460 1,738 3.580 2356

704.33 4.0311 181,943 314.361 5,88770 1.817 3,289 2423

774.45 4.3740 203,023 3;70094 7.11353 1*910 3.283 2483

842.30 4.0035 224,670 380.132 7.32672 2,014 3.328 25_9

908.33 3.6962 247.073 413.720 7.53033 20126 3.392 Z$92

972.86 3*4363 270.344 448*010 7*72631 2.236 3.487 2644

1035.50 3.2070 294.798 k830304 7.91687 Z, 356 3,553 2_90

1097.48 3,0129 315.957 51g.216 0.100g; 2.460 3*632 2760

1210,90 2,6914 ]72,833 $g3.328 8,45403 2.642 3.777 2641

1337.66 2.4352 420,574 670.025 8.787;; 2.780 3.887 Z944

1454,39 Z,2256 486,335 748,535 9,10178 2.872 $.gYg 3048

1569,56 2.050? 545.343 828.129 9.39661 2,922 3. gq3 3152

1683,47 1.g021 604.79_ q08.040 9.8723g 2. g37 3. gg8 3257

1796.38 1.7743 664.176 g87.780 9.92981 2.928 3.976 3362

1908,45 1.6631 7230089 1066,965 10,1694q 2,901 3.g41 3466

2019.85 1.5653 701.276 1165.356 10039360 2.064 3.898 3568

2130.66 1.4707 836.606 1222.633 10.60306 2,822 3.850 3678

2240,99 1.4014 595.029 1299,353 lO.Tgg_O 2.780 3*003 376g

2350.90 1.3319 950.561 1374.042 10,9837g 2.736 3.757 3166

2;60.46 1.2691 1005.264 1449.866 11015763 2,700 3.715 396/

2569.70 1.2120 1059,202 1523,593 11,32196 2,666 3.678 4863

2870,67 1.1600 1112.467 1596.820 11.47757 2.635 3.665 4143

2787.41 1.1122 1165.141 16690433 11.62593 2.609 3.617 4231

2895,9] 1,0684 12170307 1741,518 11.76742 2.587 3,592 4316

3005.60 1.0275 126g.297 1813,483 11,q0314 2,568 3.571 4400

3113.65 0.9900 1320.578 1864.637 12.03203 2.552 3.554 4481

3221.56 0.9552 1371.625 1955,562 12*15630 2.539 3*539 4661

3329.34 0,g228 1422.460 2026.223 12027617 2,52g 3.527 _639

3508,34 0.8507 1540.613 2201.g45 12.55776 2.509 3.505 4826

3866.80 0,7892 1674.029 2376.879 12,81729 2,498 3.492 5004

4402.60 0.6896 1923.545 2725.318 13.28289 2.4q0 3.481 5340

5671,51 O*ssog 2421.665 3420.gg7 14,05857 2,489 3*478 5053

10800,80 0.2751 4969.424 6955,129 16,50064 2*644 3*630 8288

16125.16 0.1833 7?55.530 10727.101 15*01656 2*924 3. g10 9995

21448.73 0,1375 10854.466 14013,834 19.38546 3.292 4.291 11380

26772.07 0,1100 14640.07B 19613*720 21.28546 4.418 5.531 12457
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550 P$IA ISOBAR

THERMODfNAHXC PROPERTIES OF PARAHYOR3GFN

TERPERATURE DENSITY ¥(3H/DV)p V(DPIDU_ -V(OP/OV)I

OEG. R LOICO F; BTU/LB P_[A-CU FT/BTU PSIJ

27.030 4.93k_7 319.59 13._28 16025.32

20 _.91121 3ZZ.62 13,277 15728.0_

30 _.86158 322.0_ 12,936 lk609._q

32 4.80906 321.27 12.575 13665,01

3_ k.7535_ 321.07 12.197 1Z773.95

36 4.69561 318.93 11.8_1 1182_.15

30 _.63400 316.30 11.570 10930.53

_0 _.57009 313.13 11.225 10078._2

kZ k.50_09 308.91 t0.953 92W3.92

k_ k._3370 303.78 10.607 8_Z3.17

k6 k.35951 Z97.69 LO._ZB 7618.92

k6 k.2011k 790.95 10.168 68_k.3k

50 _.19006 203.5_ 9.890 6096.15

57 k.10997 275.91 9.627 5399.50

5_ _,01661 767.55 9.3_Z _73_.89

56 3,91707 ?58.89 9.0k6 _11_,31

58 3,81073 _k_.33 8.733 3519.80

60 3.6863k 239.53 8._05 7978.73

62 3.57307 729.22 8,061 2479.24

6_ 3._3973 219.09 7.70_ 20_3.03

66 3.Z9559 209.11 7.33_ 1665.50

68 3.1k073 199.27 6.961 13_0.27

70 2,97_06 19C,61 6.597 1082.71

75 2,53065 175.11 5.780 670.38

80 2.11k7_ I71.61 5.223 506.79

85 1.79235 178.35 _.067 _67.02

90 1.56079 190.06 _.6_9 _67.70

95 1,39109 20_.30 _,_8_ k78.20

100 1.261_3 219,71 _.3_6 409,3_

105 1,158_0 Z35.69 _.231 _99.61

110 1.07_5k 252.33 k.120 500.69

115 1,00_11 269.55 k.010 516.30

120 0.9k407 287,49 3.900 523.10

125 0.89138 306.26 3.793 529.11

130 0.6k575 325.56 3.681 533.90

tkO 0.76912 366.57 3.k57 5_1.72

150 0.70691 _10.96 3.239 547.46

160 0.65511 _58.68 3.03k 551.00

170 0.6111k 509._3 2.8k7 555.12

180 0.5732; 562.71 2.681 957.60

190 0,5k027 619.76 2.520 559.45

ZOO 0,51112 6F6.25 2.397 560.9_

270 0.k6109 789.99 2.206 563.00

2_0 0.k2180 900.66 2.077 56_.23

260 0.308_3 100k.09 1,995 56_.92

260 0.36015 1100.56 1.9_9 565.27

300 0.33585 1187.7k 1.928 565,39

320 0.31_72 1266.89 1,926 565.36

3kO 0.29617 1339.k9 1.936 965.22

360 0.27973 1_06,93 1.95_ 565.02

380 0.26507 1_70.k5 1.977 56k.76

kO0 0,25169 1531.79 2.001 56_._0

_ZO 0.23999 1591.62 2.027 564.18

_kO 0.22917 1650.86 2.051 563.87

_60 0.21931 1710,30 2.073 563.56

kS0 0.21027 17_0.03 2.093 563.2_

500 0.20196 1830.55 2.111 562.93

$20 0.19k_0 1891.89 2.126 562.63

5kO 0,18715 195k.76 2.130 562.50

560 0.18056 2018.05 2.1kfl 562.19

580 0.17_k2 2061.9_ 2.157 561.90

600 0.16868 21_6.69 2.163 561.61

850 0.15589 2311._ 2.175 560,93

700 0,1k_90 2_79.55 2.180 560.31

e00 0.12702 2823.23 2.181 559.2_

1000 0.10191 3520.80 2.171 557,6!

2000 0.05129 7311.78 2.028 $$3,96

3000 0.03_27 11786.99 1.629 552,66

_000 0.02572 17216._ 1.62k 991.72

5000 0.020_6 27562.6_ 1,216 5k8.21

TWO-PHASE 80UMORY

(OV/OT_V THERMAL
CONDUCTIVITY

I/DEG. R OTUIFT-MP-R LB/FT-_EC
X 10

0,00_7820 0,05036 1.870

0.0049079 0,0527_ 1,750

0.0052705 0.056_6 1,5_5

0,0056296 0.05909 t.387

0.0059555 0.06085 1.250

0.0063305 0.06237 1,1_1

0.0Q672_5 0.06k09 1.0k9

0.0071_9 0.06520 0,971

0.0076139 0.06605 0.903

0.0081_11 0,066_3 0.8k3

0.0087396 0.066_7 0.790

0.009_109 0.06621 0.7kl

0,0t01777 0.06568 0.697

0,0110182 0.06_92 0.657

0.0119921 0.06396 O.?t_

0.0131085 0.06_5_ 0.503

0.014471_ 0.06097 0.550

0.0_60k90 0.05975 0,517

0.0179696 0.057_0 0.k86

0.0201596 0,05941 0,_56

0,0226991 0,053_S 0.427

0.0256700 0.05182 0._00

0.0286901 0.05009 0.37_

0.0351k13 0.04563 0.317

0.035k156 0,0k152 0.279

0.0303596 0.030_7 0.?58

0.0251_29 0.03667 0.2_6

0.0211065 0.03576 0.2_0

0.0101580 0.035_2 0.238

0.0159556 0.035_k 0.738

0.01_2506 0.03580 0.239

0.0129071 0.03637 0.2_2

0,011010_ 0.03705 0.295

0.0109011 0.03781 0.2_9

0,0101360 0,0386_ 0.253

0.0089181 0.0_010 0,763

0.0079896 0.0_260 0.272

0,007255_ 0.0_5k6 0,282

0.0066503 0.0_836 0.292

0.0061617 0.05352 0,313

0,005732_ 0.05802 0.330

0.0093711 0.06222 0.3_5

0,00_7805 0.06967 0.370

0.004]160 0.07586 0.389

0.0039397 0.08086 0,_06

0.0036277 0.08k75 0._20

0.00336_2 0.08776 0.433

0.0031384 0.09003 0._k5

O.OO29kZk 0.09180 0._56

0.0027704 0.09319 0,_67

0.0026183 0.09_33 0.k77

0,002_826 0.09536 0._87

0.0023607 0.09632 O.kO?

0.0027506 0.097Z7 0.506

0.0021507 0.09626 0.515

0.007059_ 0.09929 0,5Zk

0.0019750 0.10038 0,53k

0.0018989 0.10153 0.543

0,0018266 0.10273 0.552

0.0017609 0.10k00 0.561

0.0016999 0.10532 0.569

0,0016k31 0,10669 0,578

0.0015166 0.11024 0.600

0.001_00_ 0.113_7 0.622

0.0012331 0.12173 0.666

0.0009680 0.137_? 0.751

0.000k965 0.27727 1.1k7

0.0003317 0.39310 1.k99

0.0002_92 0.53689 1.821

0.0002007 0,91202 2.127

vISCOSITY THERMAL DIELECTRIC P_ANDIL

OIFFUSIVITY CONSIANT hUMBER

SQ FTIHR

4_3

0.00668 1.25077 2.0k37

0.00679 1.257k0 1.8895

0.0060_ 1o25_60 1.6721

0.00680 1.2516k 1.9227

0°00669 1.2k851 1.k137

0.00658 1.2q525 1.3293

0.00650 1o2k10_ 1,_533

0.0063_ 1.23877 1.1976

0.00623 1.23_53 1.1572

0.00606 1.23060 1.1296

0.00506 1.226k7 1.1125

0.00565 1.22212 1.1038

0.0054? 1.21751 1.1029

0.00520 1.2126k 1.1069

0.00_96 1.20750 1.1175

0.00_70 1.20_03 1.139_

0.00_3 1.19620 1.1708

0.00_17 1.18996 1.2083

0.00390 1.18325 1.2563

0.00365 1.17602 1.3095

0.003_? 1.16825 1.3667

0.00323 1.15990 1.k208

0.00308 1.15102 1.k609

0o0029] 1.12756 1.9k15

0.00323 1,10585 1,k718

0.0039_ 1,06922 1.3052

0.00k97 1.07739 1.1535

0.00596 1.06877 1.0_15

0,0070_ 1.06273 0.9633

0,00813 1,05705 0.9077

0.00926 1,0528k 0,86_9

0.010_1 1.0_931 0.8329

0=01156 1.04632 0.8092

0.01770 1.0_$69 0.7920

0.0138k 1.0_1_2 0.7791

0.01595 1.03762 0.7707

0.01835 1.03454 0.7551

0.02005 1.03198 0.7_36

0.02333 1.02981 0.7378

0.02693 t.0279_ 0.7300

0,03023 1.02632 0.728_

0.033_t 1o02_69 0.7257

0,0399_ 1,022_7 0.7216

0.0k627 t.02051 0.7184

0.05250 1.0t807 O. 7156

0.0589_ 1.017_9 0,7129

0o06539 1.0t630 0.7103

0.07195 1.01527 Q.7077

0.0786_ 1.01k37 O. 7093

0.005k6 1.01357 0.7030

Q.O92k] 1.01205 0.7009

Oo09qR5 1,01221 0.6990

0.10682 1.01163 0.6973

0.11_2_ 1.01110 0.6950

0.12181 1.01062 0.69W_

0oI7954 1.01019 0.6932

0.137_3 1.00970 0.6927

0.1k5_T 1.009_I 0.6912

0.15373 1o00906 0.690_

0,16209 1,0087_ 0.6895

0.17062 1.008_k 0.6889

0.17931 1.00816 0.688_

0._0175 1.0075k 0.6873

O. 72523 1.00701 0.6065

0o27528 1.0061k 0.685k

0,30780 1o00k93 0.68k3

1._8906 1o007_ 0.5k06

2°93381 1.00166 0.5366

_.06_50 1.0012_ 0.5238

8.05712 1.00099 O.k6_k

r
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C;- 2b

600 PSI_ 1;3R&R

TEMPERATURE _OLU_E

3EG. R CU FT/LB

+ 27,??0 0.?0271

28 0.2029T

30 0.20500

32 0,207t9

3_ 0,20955

36 0.21208

3R 0o21479

40 0.21771

;Z 0.22085

;; 0.2242;

46 0.22792

;* 0.23193

50 0.23632

52 0.?;11;

56 0.25233

50 0,25091

60 0,26679

62 0.2r;66

64 0.284Z4

66 0,2952_

_8 0,30796

70 6.32271

75 0,37019

80 0.43310

85 0,50563

90 0,5796;

99 0,65114

100 0.71940

105 0,70466

110 0.84T38

115 0.90Z99

120 0.96506

125 1,0Z_79

130 1,08123

140 1,19046

150 1.296k2

160 1,39_81

170 1.50135

100 1,60126

190 1,69_41

ZOO 1,79676

2Z0 1,98885

240 Z.ITS?T

260 2,35569

?80 Z,55155

300 2.73519

320 2,91985

340 3010Z70

360 3.20;09

380 3,4_57

_0O 3.6_762

4ZO 3,828_3

440 4.0088_

;60 4,18095

480 4,35880

500 4.5_843

5_0 4.72785

540 _.90791

S60 5.08689

580 S,25S73

600 5.44545

650 5.89080

?00 6,33565

800 ?.Z2128

1000 9,00_9?

ZOO0 17,88_15

3800 Z6,75767

4000 35,64754

$000 ;4.76593

I TW0oPH_SE BOUNDRY

THFRHOSYNaMIC P_OPEPT[[S 0F PAPAH¥OROGEN

ISOTHFPM [SOCHOR[ INTEPNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVE OE_IV_TXv_ ENERGY OF SOUNO

CU cT-P_IAtL3 PSIA/R BTU/LB 8TUIL_ BTU/LO-R OTU I L9 -R FTISEC

3Z99.1_ T6,SILZ -131,993 -I09,5Z6 1.20979 1,160 1,528 4488

326{.13 77,2086 -130.866 -108,315 1.?5368 1.101 1.571 4_86

3089.37 77,o336 -IZ?._35 -L05,059 1.36596 1.?30 1.685 4_Z9

291_,1! Z7,39_; -17;.599 -101,57_ 1.;70Z1 1,273 1.795 _354

270_._7 7&,6013 -171,164 -*_/,_81 1.590Z8 1,311 1,899 4303

2507.9; T5.;233 o117,5;4 -93.982 1.r0171 t.345 Z. O0_ 4ZZ?

?427.12 7_.t0_Z -113.?_5 -89,971 1.81281 1,375 Z. 110 k153

2274,_ ?_,65_7 -10_,73_ -85.5;7 1.92369 1._03 Zo717 ;082

7123.77 71.0_50 -105,5;? -81.005 2.03_9 1._76 ?.328 4008

1)73.;6 69,3060 -t01,151 -76.23_ ?,14539 1,4;6 ?.4;; 3930

187_,90 6?.3835 -96.553 -71.73_ ?.25666 1,;6; Z.566 3847

1575,80 65.2188 -qlo7;0 °65.972 2.36855 1.479 Z.695 3761

1533,13 62.9_7_ -_6,700 -60,;;; 2.k0136 1,k93 ?.832 3570

13q_,_; 60.5_73 -_1.;26 -5_.635 ?.59527 1.505 2.979 3573

126C,17 57,9_0 -75.909 -48,527 2.21051 1.51W _.132 3_75

1130.93 55.?717 -70,I]5 °42,100 ?,82737 1,5_3 3,303 3371

1010,04 52.3678 -64,079 -35,313 ?,9_645 1,531 3.484 3Z55

891,11 49,3978 -57,7_7 -28,t41 3,06800 1,538 3.696 3149

780.51 ;_,32_0 -51.049 -_0,934 _.19_21 1.546 ].928 3031

679,73 43.171_ -;;.019 -12.W40 3,32118 1,553 9,178 2911

58_.95 39,9695 -36,6_7 -3,824 3.45372 1.561 _,451 2789

509.55 36.7660 -28.861 5,355 3,59073 1,569 4,737 257@

441.73 33,6091 -20.732 15.123 3,732?9 1.576 5.0?6 2555

323.51 76,3091 0,83; 41,963 k,102;1 1,596 5,668 ?307

_77.5! 20,4962 27.77; 70,_93 ;.47580 1.614 5.8?0 2103

ZOO._; 16,3703 42,812 98,990 4,_1643 1,627 5,;k6 7086

309,85 13,46k6 60,454 124,_55 5,11226 1,675 _,901 Z081

3;8.E7 11,4899 75,833 140,170 5,36458 1.674 ;,;48 Z104

390.61 10.0611 89,717 169.645 5,584Y2 1,62P _.110 2138

43_.73 8.9845 102,371 189,5_9 5,77919 t,631 3.86_ 2179

474.18 8,140e 114,250 Z08,397 5,95458 1,542 ],686 ZZ_I

515.08 7,;608 125,598 226,480 6.11536 1.659 3.556 2262

55_,80 6,5989 136,589 74_.311 6,26_60 1,662 3,464 Z301

593.89 6.4254 1;7.350 261,193 5.4045? 1,709 3,398 2338

632,69 6.0161 158,006 278,13; 5.53776 1.747 3°352 7375

706.;? 9,3554 179.148 ]It._IZ 6.28;39 1.870 ].317 Z_O

?77,30 _.8375 Z00.496 34_.533 7,01289 1,913 3.318 2599

845._7 k.;197 ??2.360 377.891 7.Z7812 ?.017 3.357 Z_94

912,57 4.0744 Z;4.94_ 411,750 7,43342 Z, 1_6 3,417 7607

977.73 3.7833 768,368 4_6.?74 7,63073 ?.238 3.489 Z6_7

1040,84 3.5265 297.989 481,800 7,8Z256 Z.358 3.5?2 Z203

1103,32 3,3103 318.767 517,893 8,00756 2,462 3,649 Z753

1225,61 2,9531 371.340 597,309 8,36210 2.644 3,790 ze93

1345.11 2,669; ;27,239 569,?53 8,59659 2,782 3,899 2915

1k67,49 2,;370 485,130 ?_7,967 9,01179 2,874 3,968 3059

157_.21 ?.Z;;7 544.2_8 027.735 9.30722 2.923 4.001 3163

159_._I 2,0812 603.792 907.793 9.58351 ?,939 ;.003 $268

1805,94 1,9406 663,756 987,662 9,84135 Z,9Z9 ),98_ 3373

1918,39 1,8183 7?2.237 1066,959 10,08136 Z,902 3,947 3477

2030.17 1.7110 7_0._86 1145,449 10,305?6 Z.865 3.903 3579

21_I.?k 1.6159 837.871 I223.014 10.515_6 2.023 3.854 3580

2_51.8_ 1.5311 89;,34; 1299.614 10.71200 Z. 781 3,807 3779

2361.99 1.4550 9_9.921 1375.?74 10,89655 2.739 3.761 3876

Z471.76 1.3861 1004.664 1450.057 11.07055 ?,701 5.719 3971

2581,?0 1,3237 1058,639 1524,047 11,23501 2,566 3,681 4053

2690.35 I.Z6_? 1111.938 1592.328 11.39024 Z. 636 3.6_8 4153

2199.25 1,21k5 1164,6_2 1669,990 11,$39Z0 2,610 $,619 42_1

2Y07.93 1.166k 1216.037 1742.119 11.58078 2.588 3.595 4326

3017,96 1.1717 t768,fl74 1_14.161 11,81662 2,568 3,572 4_I0

3126,12 1,0807 1320,1_0 1865,352 11,94558 2,553 3,555 k_91

3234.13 1.0426 1321.250 1956.291 1Z.0699! Z.540 3.5_1 ;570

3342,01 1,0072 1422,104 ?-_,003 12,18983 2,529 3,529 56_8

3611,20 0.928_ 15_8.302 _,793 12._7153 2.510 3.507 4835

3879.82 0.8617 1673.755 ".781 12.7311k 2.498 3.493 5013

_1_,87 0.7525 19Z3,328 26.306 13.19685 2.490 3,482 53_9

5485,07 0.601G 7471,501 3_??.092 13,97255 2,;90 3.479 595g

L0814,74 0,3001 _969._q 6956,389 16,41484 2,6_4 3,631 829_

16139,16 O.ZO00 /755.;85 10728,_57 17,93077 Z.974 J, 910 9999

21462.75 0.1500 1085_.]97 14812.984 19o29911 3,286 ,,284 11385

26786.10 0,1200 1_615.638 19589,300 Z1,19503 ;,373 5.480 IZ_57

t
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600 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PAPAHYOROG[N

TENPER&TURE DENSITY ¥(DH/OV)p VICPIDU)\ -V(OP/OV) I

3(G, R LBICU FT BTUILB P$1A-CU FT/BTU PSIA

, Z7.220 k.96526 32_.63 13.393 16315.16

28 _.92670 327.35 13.272 16091.51

30 6,0200_ 327.11 12.962 15020.0_

32 6.8Z6WB 326.3_ 12,590 1_066,32

36 _.72200 326._k 12.26_ 13168.12

36 6.71525 32_.25 11.892 12202.79

30 _.6BS?O 321.73 11,B23 11Z99.96

kO 6.593]3 318.87 11.270 10k69,08

6Z 6.5200Z 316.98 11.008 9616,23

6_ k.ksgsz 310.29 10.?_5 0800.68

66 6.30?$2 30_.60 10.690 7997.99

_8 W.311@7 298o33 10.233 7225,68

SO 6.Z31_0 Z91.E_ 9.969 6687.56

BZ k.16703 28_.C9 9,702 B?T3.66

$6 k.05?S_ ZT6._D 9._3Z 5113.32

56 3.96302 260,09 9.150 6_81,89

BO 3.B6235 2B9.t7 0.856 390_.22

60 3.75529 2B0.37 8.550 33_6.39

62 3.660B4 2_0.92 0.230 2861.72

66 3.01021 231.h6 7.900 2391._

66 3.30709 222.13 7.560 1996.0_

68 3.26216 213.16 7.210 1656.58

70 3.@96T3 Z0_.77 6.803 1360.00

?5 2,70133 100.28 6.102 873.90

80 2.30806 101.95 5.500 660.25

05 1.97TT1 185.21 B.072 BBB,03

90 1.72520 19_.50 6.003 53&.05

95 1.B3577 207.25 6.600 535.60

100 1.39006 221.01 k.650 562.97

LOB 1.Z266_ 237.20 6.322 501._9

110 1.18011 253.39 _.201 509.50

115 1,10133 ?70._0 6.003 $67.22

120 1.03627 208.09 3.967 573,02

125 0.926_8 306.60 3.850 579.81

130 0.92687 3ZE.flh 3.T34 BBB.16

140 0.06001 366.9? 3.502 593.60

150 0,77136 _11.30 3.278 599.5?

160 0.71635 _09.00 3.068 60_.25

170 0,66607 S09.77 2.072 607.83

180 0.62651 563.09 2.70? 610.60

190 0.58066 620.60 2.561 61_,62

ZOO 0.$5656 6?E.90 2._16 616.06

220 0.50260 ?90.96 2.222 616.26

260 0._5900 901.88 2.090 617,51

260 0,_2221 1006.k0 2.00? 610.21

Z60 0.39192 1102.36 1.960 610.53

300 0.36567 1109.78 1.938 610.60

320 0.36266 1Z60.10 1.935 618.B0

3_0 0.32230 1361.98 1.9_k 616,30

360 0.30_kZ 1609,61 1.962 618.02

300 0.2006? 1_73.29 1.90k 617.69

400 0.27615 1536.26 2.009 617.33

620 0.26120 1596.72 2.036 616,96

6_0 0.269_S 1656.06 2.050 616.58

660 0.2307_ 1213.60 2.079 616.19

600 0.22090 1773.62 2.099 615.81

SO| 0.21986 1036.01 2.117 615.63

520 0.21151 1090.63 2.131 615.06

BkO 0.203TS 1958._0 2.1_3 616,92

560 0.19650 2021.82 2.153 61_.$6

$00 0.18991 208B.76 2.162 616.19

600 0.10367 2150.50 2.168 613.6_

6S0 0.169T6 2310.39 2.129 613.02

?00 0.1BTOl 2W03.BB 2.18_ 612.20

000 0,13036 2027.38 2.186 611.00

1000 0.11106 3520.11 2.176 609.05

2000 0.055_2 2316.52 2,029 606.71

3000 0.0323? 11291.50 1.030 603.16

WOO0 0,02005 1?195.20 1,627 602.08

$000 0.02236 22325.?0 1.229 598.36

• TMO-PHASE OOUHDRY

C- 2h

(OVIOT_(V THERMAL VISCOSITY THERMAL DIELECTRIC PR&NDTL
CONDUCTIVITY 0IFFUSIVTTY CONSTANT NUMBER

IIOEG. R BTU/FT-HR-R LB/FT-_EC SQ FT/HR

X 10"

0.00_70_0 0.0510_ 1.005 0.00675 1.25933 2.031_

0.00_79_1 0.05295 1.707 0.0060_ 1.25820 1.9077

0.005tB15 0.0562_ 1.576 0.00690 1.25003 1,6056

0.005_027 0.0_9_3 1._09 0.90686 1.25262 1.5333

0.005012_ 0.0612_ 1.27_ 0.00675 1,26905 1._222

0.0061808 0.0620I 1.163 0.00665 1.2_636 1.3359

0.006_579 0.06_57 1.06q 0.00657 1.26301 1.25?3

0.0069512 0.06512 0.989 3.006_6 1.23952 1.199h

0.0073931 0.06fi6_ 0.920 0.0063_ 1.23556 1.1069

0.007_751 0.06708 0.859 0.00616 1.2320_ h1270

0.000h251 0.06710 0.805 0.0059T 1.22803 1.1022

0.00903_5 0.06690 0.757 0.00575 1.22181 1.0965

0.0092105 0.06652 0.713 0.0055_ 1.21932 1.0921

3.010_860 0.06_06 0.672 0.0053_ 1.21669 1.09kS

0.0113321 0.05_96 0.63_ 0.00511 1.20976 1.1008

0.0123211 0.05353 0.$99 0.00686 1.20h05 1.1191

0.0t3_131 0.06215 0.565 0.00662 1.19903 1.1611

0.01_7615 0.06055 0.53_ 0.00h35 1.19317 1.17_7

0.01630_ 0.0500k 0.503 0.00_11 1.18693 1.2092

0.018002_ 0.05701 O.k?_ 0.00388 1.18027 1.2515

0.0200365 0.05500 0._66 0.00365 1.17318 1.2987

0.022_212 0.05338 0._20 0.003_7 1.16566 1.3611

3.02_5532 0.05129 0.395 0.0033? 1.15768 1.3788

0.0301056 0.06?60 0.339 _.00311 1.13695 1.6512

0.0119881 0.0k379 0.299 0.00326 1.11595 1._293

0,029_0_5 0.06066 0.2?3 0.0037_ 1.09076 1.3128

0.0251696 0.03858 0.259 0.00656 1.08520 1.18k0

0.021_572 0.03730 0._$1 O.OOBk? 1.02612 1.07_2

0.0105299 0.03602 O.Zk7 0,006_ 1,06072 0.9916

0.0162912 0.03666 0.2_5 0.007_ 1.06280 0.9312

0.0165600 0.03609 0.2_6 0.000_0 1.05813 0.6896

0.0131520 0.03736 0.268 0.0090_ 1.05h18 0.8686

0.01Z0220 0.03796 0._B0 0.01060 1.05002 0.8223

0.0110820 0.03865 O.25h 0.01165 1.06292 0.802?

0,0102011 0.03961 0.257 0.01271 1.06036 0.7081

0.0090269 O.O_OT6 0._66 0.01665 1.06116 0,2728

0,0000602 0.06320 0.2?5 0,0160_ 1.037_3 0.7607

0.0073163 0.06602 0.280 0,01919 1.03691 0.7626

0.0062031 0.06050 0.29_ 0.021_8 1.03252 0,7600

0.0061961 0.0537T 0.315 0,02_68 1.03067 0.2367

0.00575?9 0.00823 0.331 0,02220 1.02869 0,2319

0.0003908 0.06239 0.366 0.03072 1,02?12 0.7200

0.006?922 0.069?9 0.370 0,03662 t. OZ_B& 0.72_2

0.00632_0 0.0?596 0.390 0.0626_ 1.02233 0.7207

0.0039633 0.0009_ 0._06 0.06025 1.02005 0.71?5

0.0036292 0.00603 0.621 0.05610 1.0190_ 0.7165

0.00316_3 0.00783 0.634 0.05006 1.01225 0.?117

0.00313?5 0.09010 0._6 0.06602 1.01663 0.7090

0.0029609 0.09102 0._52 0.0?222 1.01566 0.70E6

0.0027685 0.09326 0._62 0.02050 hOlBT? 0*?0_0

0.0026161 0.09661 0._77 0.08691 1.01399 0,2018

0.0026802 0.095_6 0._82 0,09165 1,01329 0.699?

0.0023583 0.09660 0.697 0.09816 1,01266 0.69?9

0.0022_01 0.09?36 0.506 0.10696 1.01209 0.6963

0.0021601 0.0903_ 0.916 0.1119_ 1.01152 0.69_9

0,0020509 0.09930 O.B2B 0.11902 1.01109 0.6936

0,0019236 0o100_? 0,536 0,12627 1.01065 0,6925

0,0010965 0.10163 0,563 0,13362 1,01020 0.6916

0.0010261 0.10203 0.552 0.1_126 1,00907 0,6900

0,0017505 0.10611 0.061 0.1_095 1.00952 0,6898

0,00169?6 0,10563 O.B?O 0.15629 1.60920 0.6691

0,0016608 0.10629 0,5?9 0,16627 1.00009 0,6806

0.0015160 0.11036 0.601 0,18539 1,00022 0.607_

0.001_060 0.11_09 0,623 0.20696 1.0026_ 0.6066

0.0012315 0.12107 0,666 0.25295 1.00659 0,6850

0.0009069 0.13266 O.?SZ 0.30632 1.00532 0.6863

0.0006962 0.2??2? 1.169 1.36586 1,00220 0.5k16

0.0003316 0,39315 1.501 Zo69061 1.00100 0.53?5

0,0002691 0.$3506 1.02k 6.65621 1.00135 0.$202

0.0002005 0,09969 2,131 ?.3_780 1.00100 0,66?3
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C-2b

_5_ PSZA ISOBAR

TENPERATURE VOLURE

3EG. R CU FTILB

27.k08 0.20178

28 0.Z0235

30 0.20133

32 0.Z06_6

31 0.200?T

36 O.ZllZk

38 0,2138T

_0 0,21669

_2 0.21973

_ 0,22300

_6 0.2265_

66 0.Z3037

50 0.23655

52 0,23913

56 0.26113

56 0,26965

56 0.25576

60 0.26Z55

62 0.ZT016

66 0*27075

66 0.28869

68 0.29956

70 0.31219

75 0.35186

80 0,;0390

85 0.66557

90 0.53117

95 0.59819

100 0.65912

105 0,7197[

110 0.77810

115 0,83_61

120 0.88994

125 0.96310

130 0.99552

160 1.09812

150 1,19684

160 1.29313

170 1.36751

180 1,68037

190 1.57168

ZOO 1.66182

220 1.83998

Z;O 2,0155_

260 2.18916

280 Z.36121

300 2.53209

320 Z.?SZO0

360 2.8?113

360 3,03960

380 3°20752

600 3.37698

620 3.56Z09

660 3,70878

660 3,87821

680 k,86138

500 6, Z0735

5Z0 ;.37309

5;0 6.53955

560 6.?0606

580 6,81003

600 5.03909

650 5,k6730

I00 5,8S900

800 6.68136

1000 8.32365

2000 16.51915

3000 26°71813

_000 32.91_71

5000 61,3Z380

* TffD-PHASE BOUNORY

1HERMO_INAMIC PROBEPTIES OF PARA_YDROGEN

ISOTMFRH ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP @ELOCITY

DERIVATIVE DERIVATIVE ENERGY OF $OUNO

CU _I-PSIA/LB PSIAIR 9TU/LB BTUIL_ BTU/LB-R 8TU / LB -R FT/SEC

3350.20 76,9819 -131.893 -107.605 1.21166 1.163 1.528 6517

3328.69 17,3028 -131.0_ -106,689 1,26_71 1.1_9 1,560 _517

3155.76 77.8623 -128.068 -103.;_5 1.356Z6 1,228 1,676 4663

2981.03 T7.7_00 -121*8_9 -99°99_ 1._6776 1.272 1.786 6601

2810.8T 77.056_ -121.;52 -96.323 1.57915 1._10 1.888 6338

2666,80 15.9276 -117.870 -92,_65 1.68997 1.366 1.987 ;274

2506.62 7_.6587 -116.112 -88.370 1.80010 1,371 2°081 ;ZOl

2369,39 73°2519 -110,167 -8_,085 1o90997 1.;QZ Z°196 _130

2198.96 71.1070 -106,03_ -19.587 2,01969 [,_25 Z.303 6058

2069,97 70,0025 -101.711 -76.870 2,12960 1.666 Z.;lk 3982

1_01.C9 68,1_16 -97.191 -69.92_ 2,_3931 1.666 Z.531 3903

1169.;1 66,1021 -92.669 -66.741 2,3_960 1.679 2,658 3816

1_08.38 63.9035 -87.532 -59,301 Z.66063 1.696 2.787 3729

1672.96 61.5383 -82.375 -53.593 Z.57256 1,505 Z°921 3639

1361.29 59.0366 -76.995 -67,610 2,605;6 1,515 3.066 35_5

121h.09 56._070 -71.377 -61,328 2.79966 1.526 3°218 3446

1093.50 53,6831 -65.507 -36,723 2.91556 1.532 3.383 3365

975.80 50.8580 -_q,370 -27.777 3,03327 1.539 3,569 3Z38

866.30 67.9317 -52,963 -20._6 3,15366 1*566 3*768 3126

76_.52 6_.9611 -66,267 -12.696 $.27666 1.553 3°902 3016

673.65 61,0982 -39.2Z1 -;.698 3,;0259 1,960 _.211 2902

59C.91 38.8529 -31.886 6.170 3.53196 1,566 6,_53 2790

517.33 36.8;53 -26,250 13.326 3,66669 1,511 6.709 2680

388.33 28.7759 -6,069 38.302 4.0090? 1.587 5,253 2460

323.62 22.8886 16,785 65.600 6,39677 1.606 5.516 2271

30_.26 18.6258 36.514 92,552 6°88788 1.623 5.369 2177

326.12 15,2111 56.503 118,636 6.98390 1.627 _.963 2147

358.73 12.9378 70,;07 142.166 5,26061 1.628 6.565 2196

397.15 11,2835 84.798 16;,132 5,;6605 1.631 ;.210 2179

;37,66 10,036Z 97.896 106.920 5,66505 1.636 3.955 Z2[k

;77,85 9.0669 110,163 203.797 5.866_6 1,616 3.767 2251

518,20 8.2826 121.00_ 222.260 6,00860 1,663 3.626 2288

557.63 7.6;02 133.060 260,128 6.[6011 1.685 3.926 2325

595,98 7.1014 166o049 257,663 6°30307 1.713 3.655 2360

636.68 6.6;12 154,876 27;.699 6.43750 1,765 3.406 2394

709.69 5.8936 176.380 308,532 6.68838 1.823 3.356 2_89

780,_7 5.3105 197,9q3 3_2.067 6.919_6 1.916 3.352 2516

85C.16 6.8636 220.073 375,711 7.13619 2.019 3.386 ZSTO

917.6; 6,;587 262,036 609.840 7,36360 2,128 3,661 2622

983.15 6.1356 266.610 666o591 7,96221 2,239 3,510 2672

1066.66 3.8500 291.198 660.365 7,73529 2.361 3.591 2716

1109.99 3.6110 316,594 516,615 7.92119 2. k66 3.666 27_5

1232.60 3.2173 369.862 591.327 8.27715 2.666 3.80k 2865

1392.67 2.9053 625.918 668,513 8,61210 2.783 3,910 Z967

1_70,8; 2,6513 683.937 747.627 8,92866 2.875 3.978 3020

1987,08 2.6399 963,163 827.366 9.22675 2.926 6.008 3175

1701.96 2.2611 60Z.199 907.567 9.50155 2.960 _.010 3279

1815.67 2.1075 662.362 987,562 9.75979 2,930 3,988 3386

1928.68 1.9762 721.393 1866,969 10.00016 2.903 3,952 3687

2060.53 1.8571 779.703 11_5.557 10.22682 2.866 3.907 3590

2151,93 1.7536 837.163 1223,208 10.63k75 Z.826 3.858 3691

2262.79 1.6612 093,66; 1299,886 10,631;9 Z,781 3.810 3790

2373.17 1.5783 969.286 1375o615 10.81622 2+760 3,76k 3886

2683,15 1,503fi 100k.069 1650.666 10.99036 2,701 3,722 3981

2592°78 1.6355 1056o080 1526°5|0 11°|9695 2.667 ).68k ;073

Z702.11 1.3736 1111.612 1597.843 11.31078 2.637 3,650 6163

2811,16 1,3168 1166.168 1670.553 11.65936 2.610 3.621 6251

2919.98 1.2667 1216.371 17;Z,726 11.60101 Z,588 3.597 6336

3030.30 1,2160 1268.655 1816,865 11.73698 2.569 3.576 6420

3138.65 1.1715 1319,786 1886.072 11.86601 2.553 3.557 6_01

3266.76 1.130Z 1310.876 1957.0k9 11.q9039 2.5_0 3.562 6960

3356.72 !,0911 1_2t.752 z0z7.787 12.11037 2.529 3.530 _657

3626.11 1.0062 1567,996 2203.6_k 12.39217 2.510 3.508 kS_k

3892.89 0.9333 1673.18_ 2378,668 12.65187 2,699 3.696 5022

4629.16 0.8156 1923.114 2727.296 13.11769 Z,k90 3.683 5357

5;98,66 0°6512 2k21.358 3k23.188 13,89361 2,690 3,679 99_6

10828.67 0,3251 k969.356 6957.661 16.33592 Z. 6_6 3.631 8299

16153.16 0.2167 7755.665 10729,616 17.85185 2,926 3.910 lO00k

21676.76 0.1625 10850.573 1_812,387 19.21969 3.281 _.278 11391

2680_.09 0.1300 lk596.077 19567,90_ 21.11113 6,332 5,635 12476
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i

050 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE DENSITY V(OHIDV)p

DEG. R LBICU FT DTU/LB

V(0P/DU) V *V(DP/DV} T

PSIA-CU FTIBTU PSIA

Z7._OB _,95503 3_9.61 $3.359 16603.0_

28 _.q_zo_ 331.99 13.269 lb_kg.52

30 _,Bqkl5 332,06 12.9_9 15_k_.75

32 4.04345 331.32 12,620 1_W38,46

3_ _.78909 330.85 12,279 13502.07

36 _.7339_ 330,_0 11,933 1262k,_7

30 _,67579 327.93 11.618 11711.09

40 _o61W86 325.01 11.326 108k2.11

42 _.55110 321.39 11,050 10007.07

kk _._8k31 367.0_ 10,790 9192.71

46 _.kl_Z9 311.7_ 10.547 0391.qS

kB k.3k00Z 305.29 10,295 7593.87

00 _,Z63WZ 299,0_ t0.036 6867,10

52 k.18180 292,38 9.775 6159.Z3

5_ ;,OqEIZ Z85*10 9.01; S_94*09

56 _.00550 277.40 9.241 4063,12

50 3.90900 Z69.;7 8.963 _275,4T

60 3.80801 260,02 8.676 3716.63

6Z 3.701k7 252.10 0,375 3206.59

64 3.567b2 2_3.39 0.060 ZTkE.Z3

66 3.46632 23_,61 7.751 2334.37

60 3.33810 226.05 7.W33 1972.57

70 3,Z0319 Z17.70 7.121 1697.12

75 2.0_202 201._8 6.300 1103.65

00 Z._750_ 193.10 5.763 001,24

09 Z.1_09 193.53 5.285 669.21

00 1.88Z63 200,31 _.967 613.97

95 $.67231 211.36 4.739 601.71

100 1.51717 Z24.BZ 4.559 602.54

$05 1.30965 239.50 k.k16 601.80

$10 1.28519 255.20 4,20_ 614.13

115 $.19816 271.85 4.197 620.80

120 1.12_17 209.22 4.033 626.65

125 1.06033 307._2 3,911 631.93

130 1,00450 3Z6*63 3.789 637.3_

140 0.91065 367.67 3.549 646.09

150 0,8355_ 911.94 3.318 652.53

160 0,77332 459o59 3.102 657._k

170 0.72071 510.35 2,907 661.21

E80 0.67551 $63,69 2,73k 664.13

190 0.6363_ 621.2_ 2.963 666.0_

200 0.60179 677.92 2.435 667,70

220 0,943_0 _92,08 2.237 669.94

240 0._961k 903.26 2.10_ 671.22

260 0,_5680 1008.0_ 2,019 671.08

260 0._2391 1104.25 1,970 672.15

300 0,39_93 1191,93 1.9k0 672,15

320 0.37010 1271.55 1,Dkk 671,97

340 0.3k030 1344.55 1.952 671,68

360 0.32899 1412.35 1.970 671.32

300 0.31177 1W76.19 1.992 6Y0.90

400 0.29530 1537.79 2.016 670._6

_20 0.26232 1997.66 2.040 670.00

_0 0,26963 1657.31 2.06_ 669,53

460 0.25605 1_16.9k 2,086 669,07

480 0,2474_ 1776.83 2.105 668.61

500 0,23768 1837*S0 2,122 668.16

_20 0*22867 1898.99 2.137 667.72

540 0,22029 1962.23 2.149 667.55

$60 0,21255 2025,62 2,199 667,11

$00 0.Z0S3_ 2089.60 2,167 666.60

600 0.19861 2154.k3 2.173 666,27

650 0.18350 2319,30 2.18_ 665.30

700 0,17060 2407,62 2.100 66k.43

000 0.1_967 2831.5_ 2.188 562.91

1000 0.1201k 3529._3 2.177 860.62

2000 O,060Sk 7321.25 2.031 655.52

3000 0.0k047 11796.18 1,836 653.71

kO00 0.03038 17178.20 1.630 652,k8

5000 0.02400 27113.5? 1.240 648.54

TWO-PHASE BOUMORY

C'-2b

(DV/DT)_V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

l/DEC. R BTU/FT-HR-R LB/FT-_EC SQ FTIHR
X 10 _

0,00_6368 0,05172 1.099 0.00603 1.25993 2.0202

0.00_699_ 0.05316 1.82_ 0,00690 1.Z5919 1.926k

O,0OSOkO0 0.05701 1.608 0.00696 1,256k_ 1.6993

0.00538k2 0,05975 1._37 0.0069_ 1._535A 1,5_3

0,0057070 0.06161 $.290 0.006_1 1.25050 1. k322

0,00601W3 0.06X22 1.10_ 0,00672 1.247_1 1.3396

0,0063750 0.06504 1.089 0,00605 1.2_41_ 1,2597

0,0067502 0.06635 1.007 0,00095 1,Z_072 1,Z003

0,0071662 0.06721 0.937 0.006_1 $.23_15 1.1500

0.0076150 0.06771 0,_76 0.006_S 1,_33k2 1.12_1

0,0081199 0.06706 0,821 0.0060_ 1.Z_952 1.1027

0.0087053 0.0677_ 0.772 0,00507 $.225k] 1,0910

0.0093192 0,06732 0.720 0'.00567 1,Z2113 1.00_3

0.009990_ 0,06671 0.68T _, 005k6 1.21662 1.0025

0.0107_55 O,OEDqO 0.6_9 0.00525 1.71108 1.0060

0.01159_9 0.06_65 0.61_ 0.0050? 1.20689 1,0996

0,01_5566 0.06326 0,581 O.OOkTR 1.20163 1,1170

0.0136639 0,06176 0.5_9 O.OOkS_ 1.19610 1,1_27

O,OtkDk79 0.06016 0.51_ 0.00_31 1,1902_ 1.1713

0.016]6_7 0.058_6 0._91 O.O0_Oq 1.18_03 1.20kO

0.0179_R_ 0.05667 0._6_ 0.0038_ 1.17746 1.2406

0.0196967 0.09k01 0._38 0.00369 1.1705_ 1.2806

0,0216310 0.0533_ 0.k13 0.0035_ 1,16320 $.3138

0,0260733 O.OkDk9 0.359 0.00331 1.1_k00 1,3710

0,0285667 0.0k500 0.317 0.00335 1.12_66 1,3752

0.0277_00 0.0k270 0._09 0.00370 1.10757 1.3077

0,02_7752 O.O_O_k 0.272 0.00k33 1.09306 1.2005

0,0215017 0.03901 0,262 0.00512 1.08333 1,0979

0,0167266 O.0302k 0,256 0.00599 1.07517 1.0155

0,016517] 0.03790 0.25_ 0.00690 1,06069 0,9523

0.01_7606 0.03000 0.253 0.00705 1.063_2 0.902k

0.0133397 0.03636 0.254 0.00083 1,0590_ 0.8636

0,0121922 0.03800 O.ZS6 0.00981 1,05532 0.6350

0.0612376 0.03950 0.250 0.06070 1,05212 0.6136

0,010_202 0.04021 0.262 0.01176 1.04933 0.7970

0,0091265 0.0_1_3 0,269 0.01357 1.0_465 0.7852

0,0081382 0.0_381 0.270 0.0196_ 1.0_091 0.7660

0.0073670 0.046_9 0._87 0.01779 1.03703 0,7916

O.O06Tk3Z 0.0_9_1 0._97 0,0199_ 1.03522 0.7439

0.0062269 0,05_0k 0.316 0.02Z79 1.03299 0,738_

0,0057805 0.05895 0.332 0.02550 1.03105 0.735_

0.005_002 0.06257 0.3_7 6.02036 1.02935 0.7320

0,00k8023 0.06993 0,371 0.03383 1.0269_ O. 7266

O.OOk32&_ 0,07607 0.391 _.03922 1.02916 0.7229

0.0039k60 0.00103 0,_07 0.0_59 1.02222 0.719k

0,0036301 0.00k91 0._21 0.05002 2.02059 0.7162

0.0033639 0,08790 0._3_ 0.05551 1.01919 0,7131

0.0036363 0.09018 0.4_E 0°06110 1.01798 0.7102

0.0029391 0,09194 0,W57 0,06680 1,01691 0,7075

0.002766_ 0.0933k 0,460 6.07261 1,01597 0.70_9

0,0026130 0.09_9 0,_78 0.07655 1,01513 0.7026

0,002_777 0.09552 0,_00 0,00_61 1.01W37 0,7005

0.00235_7 0.096k9 0._97 0.09000 1.01369 0.6906

0.0022_56 0.097_S 0.507 0,09711 L.01307 0.6969

0,0021_56 0.098_4 0.516 0.10355 1.01251 0.695_

0.00205_ 0,09947 0.525 0,11013 1.01199 0,69kl

0.0019709 0.10057 0,535 0.1168_ 1.01152 0.6929

0.00189_0 0.10172 O.Dkk 0.12368 1.01600 0.6919

0.0018216 0,10293 0*553 0.13072 1.01067 0.6908

0,0017565 0.10_26 0.562 0.13703 1.01030 0.6901

0,0016952 0,10553 0.570 0.1k509 1.00995 0.689k

0.0016305 0.10690 0.579 0.192_7 1.00962 0.6888

0.001912_ 0.110_7 0.601 0.17155 1.00889 0.68?6

0.001_0_7 0.11_22 0.623 0.19151 $.00826 0.6067

0.0012300 0.12200 0.66? 0.23k00 1.0072_ 0.6895

0.0009850 0.$3701 0.753 0.32968 1.00581 0,6843

0.000_999 0.27727 1.190 1.26197 1.00292 0,5k22

0.0003315 0,39312 1,S0_ 2,_84k7 1.00195 0.538k

0.0002_91 0.$3435 1.027 k,11119 1.001_7 0.5266

O.O00200k 0.888_3 Z,13_ 6.75513 1.00117 O.kTO0
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36

700 PS[_ I_38&_'

TEH_ERATURE VOLU_E

DEG. R 3O FT/L3

27,594 0,_0136

28 0,20174

_0 0.2036_

32 0.20577

34 0.20_01

36 0.21041

38 0.21_97

qO 0.Z1571

42 0.?I665

46 O.ZZ5_Z

4S 0.22890

50 0.23?90

52 0.23725

54 0._w199

56 0.24/19

58 0,25290

60 0.25921

62 0.26_20

64 0.21400

60 0._8_76

6& 0.29259

70 0,30366

75 0.33771

8O 0.38174

85 0,@3W56

90 0._9238

95 0.5512_

100 0.6091_

105 0.66539

110 0.71_5

115 0.77255

120 0.8Z_05

125 0.a7_19

130 0.92326

1_0 1.01872

150 1.11187

160 1.20198

170 1.29023

180 1.37700

190 1.06704

ZOO 1.50537

220 1.71Z55

Z00 1.87619

260 Z.03792

780 Z.19816

300 2.35723

320 2.51535

340 2,67270

360 Z.82940

380 2.98557

400 3,10129

WZO 3,29651

440 3.45161

460 3.60631

4eo 3.76076

500 3,91409

520 @.06gOZ

5@0 @.22383

560 @.37r4Z

580 @.53089

600 @.68k23

650 5.06715

700 5._960

800 6.21340

1000 7.73848

ZOO0 15.30_15

3000 22.95513

@OOO 30.57410

5000 $8.37_35

TWO-PHASE 80UNDRY

T_LPHODYNAHIC PROPFPTIES 0 _ PARAHYOROGEN

[_OTHFRN ISOCHORE INTERgAL ENTH_L_Y ENTROPY CV CP VELOCITY

OE_IVATIVL O_RIVATIVF ENERGY OF SOUND

CU :T-PSIA/,_ PSIAIR RTU/LB BTUILB BTU/LS-R BTU l L8 -R FT/SEC

3_00,_5 77,16_8 -131.789 -105.689 1,21308 1.166 1,524 WS@5

3389.62 77.3950 -13t.213 -105.063 1.23597 1.177 1.550 45_7

3215._ 78.0_03 -128.247 -101,805 1.34690 1.2_? 1.663 _90

30_.27 7_.0076 -t75.083 -98,41_ 1._5771 1.271 1.772 k036

258_._0 77.4300 -1_1,728 -9_.765 1._6822 1.309 1o876 @37@

2738.02 76,_I_1 -118,187 -90,913 1,67830 1.3_3 1,973 0316

257_.07 75.203C -114._70 -86.869 1.78761 1.373 Z.075 6264

241_.C_ _].83_6 -z]C._79 -82.6!9 1.89660 1.401 2.178 0173

2_6_,_" 72._283 -106,503 -78.16L 2,00533 1,42_ 2,281 4103

_[_J.3_ 70.67_ -102.Z_3 -73.491 2,1139_ 1,4_5 Z,389 0031

i_7,._t 6_._659 -07.r95 -68,602 Z.22_59 1.063 2.501 39S_

I_29.14 66._973 -93.150 -63.08_ 2.33109 1o079 Z.619 3873

1587.35 6h.7657 -88,312 -56.123 2°@4090 1.69_ Z.7@2 3788

15_i.97 6_._810 -83,267 -_2,510 Z.55096 1.506 2.87_ 36q8

1417-42 b0.0_20 -78.003 -46,636 Z,66181 1,516 ].006 3609

129_.0_ 57.52_ -72.52_ -_0,40_ Z,77367 1.525 3,1_6 3_16

1171._6 5_._07_ -66,820 -34.060 2.88673 1.533 3.301 3_18

105_._1 52.197_ -60._73 -27.274 3,00139 1*5h0 3,062 3320

9_7.Cq 4_._052 -54.683 -20.178 3.11773 1.5_7 3.6_3 3215

843.96 4_,5503 -48.228 -12.711 3.2362@ 1.553 3.838 3108

753.80 @3.6477 -41._99 -_.807 3.3577_ 1.559 @.029 300@

669.21 _0.?362 -34.507 3.020 3.08062 1.565 @.236 Z898

595._6 37.8519 -27.255 12,107 3.60652 1.567 @.@67 Z79_

453.96 31.0020 -8.153 35.6_1 3.93080 1.581 @.935 2S62

37_,16 25.1143 11.683 61.165 _.260_ 1.597 5.236 2386

344.50 20.4679 30.911 87,2@0 @.57662 1.618 Y. 233 227_

3_9.68 16._774 _&,962 112.784 _.86852 1.6Z7 @.957 2222

373,83 14.4216 65._30 136.688 5.12710 1.630 @.605 ZZlZ

407.8_ 12.5_30 80.037 158.999 5.35608 1.635 W.286 2226

@@_.8_ 11.1236 93.52_ 179.770 5.55881 1.660 @,036 ZZY2

48k.24 10.0163 106.117 199.425 5,7@173 1.650 3°837 ZZ8_

523.19 9.1315 118.072 218.226 5.90889 1.666 3.692 7318

562.37 8,40k6 129,$83 236.397 6.063Y8 1.688 3.584 2352

600.90 7.7966 1_0.791 254.105 6.20817 1.716 3°505 Z385

63A.74 7._803 151.809 _71.083 6.300_9 1.708 3.051 2417

71_._ 6.4470 173.611 305.658 6.59779 1.826 ].395 2@78

785.46 5.7945 195.517 339.6@0 6.83223 1.910 3.386 2S30

855.1_ 5.27_3 217.810 373,611 T.05146 Z. OZI 3._13 25@7

92_.93 _.8_89 Z40.748 407.990 7._5986 2.130 3,465 2637

989,12 4,4924 266._72 @@2.960 7.65973 2,241 3,531 Z687

1052.97 4.177_ 289.427 478.938 7.65@05 Z. 363 3,610 ZT$|

1116.29 3.9150 310,938 515.380 7.8@083 Z.467 3,683 Z779

12_0.10 3.4038 368._00 590,382 8.19817 2.6@8 3,817 Z878

1360,9_ 3.1430 426,609 667.803 8.536T@ 2.785 3.921 2g79

1479,45 2,8662 482.756 706.913 8.8516q Z.87? 3.987 306Z

1596.17 _.6362 56Z.088 827.015 9,14820 Z. 925 @.016 3186

1711.46 2.0418 601.815 907.361 9.62568 Z.901 @,016 3291

182_.57 2.2752 661,337 987.479 9*68612 Z,931 3.994 339_

1)38.7_ 2.1306 720.556 1066.994 9.9Z880 Z,906 ].957 3@98

205],07 2.0038 778.927 11_5.678 10.16975 2.867 3.91Z 3601

2162.74 1.8916 836.W21 1_23.010 10.35992 Z. 825 3.862 3701

2273,84 1.7917 0q2.991 1300.168 10.55685 2.782 3°81k 3@00

_38_.45 J.7020 948.656 1375,967 10.76175 Z,741 3.767 3897

249_,63 1.6_11 1003.074 1050.880 10.91603 2.707 3.725 3991

760_,44 1.5476 1057.576 1520.980 11.08075 Z.668 3.687 0063

2713.93 1._807 1110.89! IS98.365 11.23669 Z.637 3.6_3 6173

2823.13 1.4194 1163.657 1671.12_ 11.38535 2,611 3.62k 0260

_93_.09 1.3631 1_15,908 1703,339 11.52?10 2.589 3.599 63_6

304_.87 1.3105 1268.038 1815.535 11.66319 2.569 3.576 _030

3151,24 1.2624 1319,39Z 1886.798 11.79229 2.554 3.559 @_10

3259._5 1.2178 1370.506 1957.805 11,91673 _.501 3.5_@ @58g

3367,50 1,1763 1621.@0Z _0Z8.577 12.03676 Z.530 3.532 @667

3637.06 1.0841 1547.689 220_.499 12.31867 Z,510 3,504 @853

3905.99 1,0054 1673.21S 2379.507 12.57804 Z,099 3.49_ 5031

@_02,48 0.8783 19_2.901 Z728,289 13.00037 Z.090 3.083 5365

5512.22 0,7014 24_1.217 362@.286 13.82042 2.490 3.680 5974

10802,58 0.3501 _969.32G 6958.897 16,Z6285 2.644 3.631 8305

16167.10 0.2333 7755.410 10730.870 17,77879 2,92@ 3.910 10008

21_90.70 0.1750 10848.950 14811.Y96 19.1_610 3.Z76 h._73 11396

2601_.05 0.1400 10574.870 19548.994 21.0336_ 4.296 Y.395 12085
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700 PSIA ISOaAR

TENPERATURE DENS[TY

DEG* R LB/CU FT

THEFMOOYNAMIC PROPERTIES OF pAPAHYOROGEN

V(DHIDVIp V[OP/DU) V -V(OP/OV) r (OV/DT_V IHERMAL VISCOSITY YHERHAL DI(LECTRIC
CONOUCYI#ITY DIKFUSIVITY CONSTANT

BTU/LB PSIA-CU FT/BTU PSIA I/OEG. R BTU/FT-HR-R LB/FT-SEC SQ FT/HR
X 10 _

• 27.$9W W.96628 33_.5k 13.329 16000.56

26 4,95699 336._4 13.267 16802.31

30 4.90903 336,51 12.957 15789.08

32 4.85986 336.27 12.632 1_80_.21

34 4.807_0 335.75 12.302 13059.47

36 4.75256 335.90 11.972 13012.59

38 4,69509 333._2 11.662 12086.66

_| 4.63567 330.61 11.371 11709.8_

_2 4,57550 327.26 11.106 10375,20

_ 4,50832 323.27 10,048 9563.77

k6 4,4401_ 310.39 10.600 8766.91

kS 4.36872 312.80 10.352 7991.19

50 4,29374 306.75 10.098 72W5.05

52 _.21503 299,90 9.843 6520051

5k k.13239 293.21 9.509 $859.30

56 4,04502 _06.11 9.325 5230,84

50 3.95420 278.42 9.050 4630.60

60 3.85791 270,77 8.786 4082.85

b_ 3.756bl 262.38 8.502 3557.85

6_ 3,6_959 253.90 6.214 3079.07

66 3,53653 246,06 7.916 2665.83

66 3._1769 237,99 7.617 2288.51

70 3029311 230.24 7,325 1959.92

75 2,96114 213,97 6.621 13_4.23

00 Z,61906 Z04.33 6,005 980,14

35 2,30116 202.68 5,496 792,74

90 2.03096 207.35 5.139 710,18

95 1.81393 216,51 4,877 676.10

100 1.641_6 228.75 4.674 669.50

105 1.50289 242.45 k.514 668.55

110 1.36917 257.68 4.370 672,69

115 1,29423 273.60 4.234 677.12

120 1.213_1 290.90 k.103 602.4_

125 1,14391 309.01 3.973 687.37

130 1.06312 327.90 3,846 691.84

1_0 0,98163 368.4_ 3.597 699,76

150 0.89938 412.83 3.350 706,43

160 0.83136 _b0._4 3.137 711,45

110 0077505 511.17 2°937 715,3_

180 0.72621 $64,52 2,760 718,31

190 0.68397 622.35 2.58_ 720.20

20| 0.64668 679.06 2,454 721.08

Z20 0.58392 793.39 2.253 724,13

Z_0 0.53299 _04.80 2.117 725.37

260 0*990T0 1009.82 2.031 725,96

Z80 0,45_93 1106,27 1.981 726.14

300 0,_2423 119k.19 1.957 726.05

320 0,39756 1274.01 1.953 725.77

360 0,37_15 13_7,20 1,961 725.38

360 0.35343 1415.16 1.977 72_.91

330 0.33494 1_79,14 1.999 72h,40

400 0,31834 1540,87 2,023 723.86

_20 0°30334 1601.0_ 2.047 723.30

660 0.20972 166_,59 2.071 722.74

bSO 0.27729 1720,30 2.092 722,19

kOO 0.26590 1780.28 2.111 721,64

$00 0,255_3 1841,G2 2.128 721.11

$20 0.24576 1_02.58 2,143 720,59

5_0 0,23670 1966.00 2.154 720.41

560 0.226_4 2029.44 2,164 719.89

560 0.22071 2093._6 2.172 719.38

600 0,21340 2158,33 Z,178 718,90

650 0,19735 2323,3_ 2.168 717.77

700 0.16350 2401,60 2.193 716.75

800 0.16094 2835,71 2,191 714.98

1000 0.12922 3533.75 2.180 712.31

2000 0,06915 7325.98 2.032 706._0

3000 0,0_356 11800.86 1,832 704,29

4101 0,03211 17163.12 1.633 702.91

5000 0,02606 26_25.16 1,250 698.7S

TWO-PHASE 80UMDRY

0,00456q_ 0.05238

0.00k6062 0.05337

0,00494_7 0.05727

0.0052693 0.06097

0.0055860 0.06198

0.00587_7 0.0636_

0.0062220 0.06551

_.0065666 0.06606

C-gb

0.0069713 0,06778

0,0073896 0,06802

_,0070552 0.06852

0,008371_ 0,06843

0.00893_ 0.06810

0,00958_2 0.06754

0.010_507 0.06680

0.0_09972 0,0656P

0,0118575 0.0643_

0,012T895 0.06289

0.0138862 0.06139

0,0151144 0.05980

0.0163730 0,05812

0,0178003 0,05639

0,0193130 0.0547_

0.0_30630 0.0511_

0,0256233 0.04763

0,020_191 0,04499

0,0239058 0.04223

0,0_12676 0.04062

0.0187349 0.03965

0.0166381 0.03916

0.0148900 0.03913

0,013_858 0.03939

0,0123150 0.03981

0,0113_76 0.09037

0.0105231 0,04102

0.0092132 0,04212

0,0082026 0,0_443

0,0074135 0,04716

0.0067786 0,04995

0,0062541 0.05432

0,0058003 0.05869

0,005_233 0.06270

0,0048110 0,07008

0.0043331 0.07619

0,0039481 0.08113

0,003630_ 0.08500

0,0033632 0.08798

0.00313_9 0,09026

0,0029372 0.09202

0,0027641 0,09342

0.0026113 0,09457

0,002_757 0.09560

0,0023531 0,09658

0,00_2429 0,09754

0,0021430 0,09853

0.0020518 0.09957

0.0019683 0.10067

0.0018916 0.10182

0,0018190 0.10303

0,0017_36 0,10431

0,0016928 0.10564

0,9016362 0,10701

0.0015104 0.11059

0.00140?8 0,1143_

0,0012284 0,1221_

0.0009847 0,13797

0,000k956 0.27727

0,0003313 0,39310

0.0002490 0.53329

O.O00ZO0_ 0,87896

430

PRONDTL

NUN_ER

1,_13 0.00690 1,26052 2.0090

1.861 000069_ 1.25999 1.9454

1.639 0.00701 1,25731 107136

1,46_ 0,00698 1,25450 1.5549

1.323 0.90687 1.25155 1.4410

1,Z06 0000679 102_B46 1.3457

1.109 0,00673 1.24525 1,2639

1.026 0.0066_ 1.24190 1.2028

0,954 0,00650 1,23841 1.1066

0.892 0.0063h 1._3476 1,1229

0.837 0000617 1.23096 1.099_

0,787 0.00598 1,2269B 1.0044

0.7_2 0.00578 1,72282 1.0761

0,701 0.00558 1,21845 1,07_1

0.663 0.00538 1.?1388 1,0745

0.628 0.00_16 1.20909 1.08_3

0,_95 0.00493 1,20407 1.1000

0.564 0.00_71 1.19878 1.1178

0.535 0,00_9 1.19324 1.1474

0.$07 0.00427 1.187_1 1.1707

0.460 0.00_08 1.18127 1.1976

0.455 0.00389 1,17_83 1.2297

0._31 000037_ 1.16811 1.2_93

0.377 0,00350 1.15034 1.3100

0.335 0.00347 1.13224 1.3241

0,304 0,00370 1.11554 1.2055

0,285 0.00_19 1.10151 1.2027

0,273 0.00486 1,09033 1.1128

0.266 0.0056_ 1008151 1.0336

0,262 0.00646 1.07_4 0.9709

0.260 0.00734 1.06868 0.9185

0,260 0.0082_ 1.06388 0.8781

0.261 0.00916 1.05981 0,6470

0.263 0001007 1.05631 0.8236

0,266 0.01097 1005327 0,8064

0._73 0.0126_ 1.0_819 0,7926

0.281 0.01k59 1.0_09 0,7716

0,290 0001661 1.04074 0,7557

0.299 0.01860 1.03791 0,7470

0.317 0.02119 1.03549 0,7421

0,334 0.02377 1.03341 0,7388

0,3_8 0002636 1003156 0.7350

0,372 0,031_ 1,02847 0.729_

0.391 0.03646 1.02596 0.7251

0.408 0.04147 1.02389 0.7213

0._22 0.04652 1.02213 007178

0,_35 0,05164 1.02063 0,7145

0._47 0.05685 1.01937 0,7114

0.458 0,06216 1,01818 0,7085

0.468 0.06757 1.01716 0,7058

0.478 0.07310 1.01626 0.7034

0.488 0,0767_ 10015_5 0,7012

0.498 0.08451 1,01472 0,6992

0.$07 0,09039 1.01_05 0,6974

0.517 0.09639 1.01345 0.6959

0,526 0.10251 1.01209 0.6945

0,535 0,10076 1,01238 0,5933

0.$44 0.11513 1.01191 0,6923

0.553 0.12168 1.01147 0,6911

0,$62 0.12831 1,01107 0,6903

0.571 0.13506 1.01069 0*6096

0.580 0.14193 1,01034 0.6890

0.602 0.15969 1,00956 0.6077

0.624 0.17627 1.00888 0.6868

0,668 0.21766 1.00779 006056

0.75_ 0.3068_ 1,00625 0.68k3

1,152 1.17220 1,00315 0,5431

1,506 2.30795 1.00210 0.5393

1,830 3.81581 1.00158 0.5279

2,138 6.2496q 1.00126 0,k729
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C-2b

TS0 PSIA ]S08AR

TENPERATURE VOLURE

OEG. R CU FTIL8

• 27,700 0.2009@

20 0,2011@

30 0.2O30@

32 0,20508

34 0.20727

36 0.20961

38 0.21210

40 0.21476

42 0.21r62

@@ 0.22068

46 0.22396

@8 o.22r5o

50 0.23133

52 0.235@q

5@ 0.2@000

56 0.2@@91

58 0.25029

60 0.25618

62 0.26266

6@ 0.26083

66 0.27700

68 0.28667

70 0,29653

75 0.32635

80 0.36637

85 0.k1010

90 0.@6114

95 0.51@35

100 0,66750

105 0,61962

110 0.670@2

[15 0.71989

120 0*76808

IZS 0.81518

130 0.86128

140 0.95099

150 1.0379Z

160 1.12329

[?0 1.20619

180 1,28766

190 1.36741

200 1.@46@9

220 1060226

240 1.75555

Z60 1,90@97

280 2.05693

300 Z.20575

320 2.35365

340 2.50076

360 2.6@728

380 2.79326

400 2.93879

@20 3.0839@

_@0 3.22875

460 3.3732q

_80 3.51757

SO8 3.G616@

520 3.80551

540 3.95023

Y60 @.0936?

580 4.23697

600 @038017

650 @.73772

700 5.09476

800 5.80786

1000 7.23149

2000 14.33513

3000 21.@3411

bOO0 28.5447@

5000 35.8188q

TNO-PHASE BOU_DRY

THERMODYNAHIC PROPERTIES OF PARA_YOROGEN

ISOTHERM I$OCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

OERIVATZ_E OERIVATZVE ENERGY OF $OUNO

CU =T*PSIA/LB PSIAIR BTUILG 8TU/L8 8TUILB-R 8TU / LB -R FT/$EC

3k50,52 77.3640 -131,682 -103.776 1.Z1531 1.169 1.529 4973

3_52,_Z 77,486@ -131.3T2 -103.438 1,2274Z 1,175 1.$40 4978

32?0.02 78.2135 -120.439 -100.241 1.33768 1.225 [.653 4SZG

3110,60 78.2653 -125.310 -96.828 1.4@776 1.Z?0 1.760 4470

20k5,@? 77.7952 -121.990 -93.205 1*55797 1,308 1.864 440q

2807.46 76.0983 -118.488 -89.$78 1,66693 1.3@Z 1. gsq 4357

2641.70 75.7331 -114.818 -85.362 1.775@7 1.372 Z. 060 4286

2484.00 74.@010 -110.971 -81.145 1.68361 1.@00 2.161 4215

2340.20 72,9257 -106.9@5 -76,721 1.99152 1.@23 2.2G0 4149

2193.56 71,3207 -102.7@5 -?2.097 Z.09907 2.445 2.365 4079

20@5.20 69.56_0 -98,367 -67.26@ 2,20648 1.463 2.474 4003

lg01.20 67.6570 -93,802 -62.206 2,31409 1.479 2.587 3926

1760.55 65.5886 -89.045 -56.918 2.42203 1.49@ 2.?05 3843

1325.34 63.3762 -8@,092 -51.388 2.53046 1.507 2.826 3758

1@95.93 61.0353 -78.943 -45.612 2.63944 2,517 2._51 3672

1366.52 50.5836 -73.589 "39.576 2o7_920 L.526 3.088 3579

1250.@6 56.0434 °60.025 -33.2GS 2.85991 1.534 3.22@ 3489

1137.22 53.4382 -62.243 -26.665 2.97178 1.5@1 30372 3395

1027.56 50.7653 -56.242 -19.764 3.08@91 1.548 3.534 3Z57

525.17 48.0200 -50.005 -12,531 3.19973 1.554 3.704 3197

832.22 45.2@55 -43.526 -@,q47 3,31641 1.560 3.880 3097

745.07 42.4498 -36.816 2.996 3.@3@97 1.565 4.061 2597

669.78 39.G742 029.879 11.303 3.55536 1.568 @,Zk7 2899

519.36 33.0331 -11.676 33.647 3.86351 1.576 @.686 2673

@28.38 27.1829 7.292 57.896 4.176@2 1.591 @.984 2493

38_.98 22.4184 25.946 62.900 4.4?942 1.6I@ 5.070 2367

378.32 18.7208 43.874 107.917 4.76545 1.626 4.909 2300

353.98 15,9241 60.340 131.772 5.023@8 1.632 4.627 2275

@22.59 13.8295 75.@66 154.200 5,25447 1,638 4,337 22T7

456.25 12,2388 89.282 175.335 5.45990 1,643 @.Oq@ 2295

@92.82 10.9958 10Z.189 195.293 5.6@578 1,653 3.899 2320

530.99 10.0000 114.417 214.394 5.81555 1.669 $.748 Z3SO

568.68 9.1875 126.166 232.038 $,97259 1.691 3.637 Z380

606,83 8.5009 137.586 250,798 6.11920 1.718 3.553 241J

6@@.45 7.9332 1@8,790 268,@04 6.25?32 1.750 3.494 2641

717.79 7.0070 170,901 302,97@ 6.5135@ 1.828 3._32 2498

790.07 6,2924 193.038 337.185 8.74958 1.921 3.420 2953

860.01 5.7135 215.571 371.573 6.97150 2.023 3.441 2604

929.00 5.2@4? 238.683 @06.199 7.181@1 2.132 3.488 26S4

995,61 @.8540 262.$53 @41.383 T.38250 2.243 3.551 2702

1059.74 405085 287.676 477.581 7.57802 2.366 3.628 Z744

1123*42 4.2221 313.30/ 514.189 7.76566 2.469 3.699 2792

12@7.87 3.7525 366.952 589.473 8.12435 2.650 3.030 2891

1369.27 3.3825 @23.314 667.124 8.46192 2.787 3.931 2991

1488.30 3.082@ 481.586 74G.@25 8.7?9@3 Z. 878 3.99G 3094

1_05,48 2.8335 5@1.023 826.690 9.07G74 2.92r 4.024 3198

1721.16 2,6235 600.8@0 907.175 9,35@51 2.942 4.023 3302

1835.63 2.4_35 660.540 987.413 9,81354 2.932 4.000 3406

1949.10 2.2875 719.727 1067.035 9.85453 2.905 3,962 3509

2061.74 Z.1508 778.158 11@5.812 10.07976 2.868 3.916 3611

2173,67 2,0300 835.?05 1223.632 10.29015 2.826 3.866 3712

2285.00 1.9224 892.323 1300.461 10.48727 2.783 3.818 3811

2395.81 1.8259 9@8.031 1376.327 10.67234 2.?@1 3.771 3907

2506.18 1,7389 1002.094 1491,302 10.84676 2.703 3.728 @002

2616.17 1.6599 1056.977 1525o@58 11,01160 2,668 3.689 4093

2725.82 1.5880 1110.37@ 1598.8q3 11.16765 2.638 3*655 4183

2835,17 1,5221 1163,1?0 1671.697 11.31641 2.612 3.626 @270

2944.26 1.4616 1215.449 1743.957 11.4582@ 2.589 3,601 4355

3055.42 1._050 1267,625 1816.231 11.594@6 2.570 3.578 @439

3163.90 1.3534 1319.003 1887.530 11.72362 2.554 3.561 4920

3Z72,19 1.3055 1370.139 1958.569 11,84812 2.5@I 3.545 4699

3380.32 1.2610 1@21.055 2029.371 11.96820 2.530 3.533 4676

3650.06 1.1620 1547.386 2205.399 12,_5021 2,511 3.510 4862

3919.12 1.0776 1672.948 2380.510 12.51007 2.499 3.496 5040

4@55.82 0.9412 1922.692 2?29.284 12.97611 2,_91 3.484 5374

5925.81 0.7516 2421.077 3425.365 13.75227 2.@90 3.@80 5q81

10856.47 0.3751 4969.294 6960.152 16.19482 2.644 3.631 8310

16181.03 0.2500 7?55.379 10732.142 17.7107G 2.924 3.910 20012

2IY04.64 0.1875 10847._03 14811.778 lg.07776 3.271 _.268 11401

26827,90 0.1500 1@557.619 19532.I36 20.96161 4.26_ 5.358 12@94

f

m

r

[;

_r ¸

L

440

q

Ji IJ Ji Jl ii ]i U ii ]i IL li Lt | li 1 [ L



750 PSIA ISOBAR

THERMODYNAMIC PROP_PIIES O_ p_PAHYqR_GEN

TEHPERATURE DENSITY V(DH/DV;I_ V(OP/OU)\r "V(DP/oV) j (DV/O[_/V THERMAL IsCOSITY IFE_HAL DIEL[CTRIC PRANOTL
CON[UfTIVIT¥ OIFFU_:VITY CONSTANT NUMB[R

OEG. R LB/CU FT BTUILB PSIA-CU FT/BTU PSIA I/DF_. R PT_J/FT-HP-P !q/FI-_FZ _C FT/HP
) I[]

• 27,100 4,97601 339,38 t3,301 17171,°I O,OOh_O_ _,O_B_ I.q2' ],_0_ o7 I,_110 2,0005

Z8 k,97_68 3WI,C] 13.267 1716_,X_ O,00_SI_h 0. _',_7 1._9o ],rI0700 1.2_052 1.9b_6

30 _.92511 3_1.13 12.961 161W_.63 0.004_W4_ _.0_7_ _.677 O._lGlOt 1.P5810 1.72_

32 W,87616 3WI,1_ 12,6k5 15167,76 9,,_5_6]_ _,_6018 I,_9Z _,_C70_ 1- ?_ 1,_660

3_ W,8_67 3_0,52 12,32k 1WZ10,9_ 0,005_:W_ &.0623_ I,_7 O,0O6qX 1,75263 1._502

36 W,77071 _WI,25 1_.008 1_]93,56 0,00_1_ O,D6_J_ 1,22_ 0,D_6_5 i,1W9W_ 1,3523

38 4,71WTq 338,75 11,703 IZ45_,9_ 0,0)60_ :'S 3,065q7 1.12_ 3._067_ 1,24633 1.2687

WO W,656]0 336,03 11,W15 1166q,qq _.0_ _,*{3_ 0,C_.7.3_ 1,04_ _,G_670 1,2_305 I,_0_9

h_ _.59509 333.30 11,150 10753._0 0.0067816 0.C_2 0._71 0.80_ 1.23962 1.1_71

4W W._31WZ 3_9,56 10.096 gq39.q5 0.007175_ 0.0_801 O.qO_ 0.00_] 1.3_605 1.1_1_

k6 k,k6505 3_,75 10,650 9131,_0 0,0076177 0,06917 _.P52 3,0062_ 1,Z_35 I,_972

48 k,395_3 31q.50 10._07 8356.7_ 0.008_961 0.06qlX O._O? 0._0_0_ 1.?_W7 1.080_

50 W,3_276 313,8Z t0,156 7610,42 O,OOB&1_ 0,06_ 0,757 3,0_ 1,2Z_3 1,070_

5Z W,Z_6_2 301.78 9.906 6902,05 O.0oqLe_'_ _.065_5 0.715 " 0.30570 t,Z_OZO 1.0650

5_ _.]6675 301.35 9.659 6233.15 0,0097921 0,06767 C.677 0.00550 1.21578 1.0636

56 W.O831Z Z�h.11 q._03 5579.66 0.0i0_q95 0,0665_ 0.64_ 0.305_ 1.21116 1.0779

58 3.995_h Z87._2 9.1_3 _996.21 3,0112_72 0.0_;0 0.60_ 3._0507 1.70633 1.0830

60 3.903_0 _80.1Z 8,883 _39.1_ O.Oi_G3_ 3.063_5 0.57_ O._E l.?01ZO 1.0978

6Z 3,807ZZ Z_Z.36 8.615 391Z.1Z 0.01_976_ 0.0_?_ 0.5_ o 0.C0_ 1.I_601 1.1175

64 3.70600 _6_._9 8.3h0 3_28.68 O.Oi&OOS_ 0.0610_ _,_?? ].OOh_ 1.190_8 1,1396

66 3.59969 _56.87 8.0_9 Z995.7_ 0.0_5t03_ 0.05g_6 0._95 :J,00_76 1.18_70 1.163_

68 3,k8839 2_9.Z5 7.778 Z60_.37 0.016_9_ 0.E_783 0,_70 3.00_0_ 1.17866 1.1891

70 3.37Z_9 _1.78 7.501 Z_58.70 3.017_651 0.05617 3._ _._33_? 1.!??_ _ 1.216_

75 3.06_18 ZZS,7_ 6.831 1591,_? _,0707_70 C,05Z_6 G,_9'_ 3,003_; 1,I$58i 1,2619

80 Z.TW_%3 _15.56 6.22W t175.65 0.C371217 C.0_930 0,_51 0.00360 %.13883 1.2776

85 Z.63815 212,30 5.695 938.75 0.0_3_81_ 0.0W633 0.31g _.00375 1.1Z_72 1.2573

90 Z.1665_ _15.11 5.310 8Z0._1 0.0ZZ8187 0.0_393 0.297 O.O0_l_ 1.1086_ J.1963

95 1,9_Z_ ZZZ.58 5.019 765.99 0.0Z0788_ O,O_iq 0._8_ 3.00_6q /._9707 1.1196

100 1.76Z[3 Z33.SZ k,792 76_.66 0.0185715 0.0_106 0._75 0.00537 1.08767 1.0_60

105 1.61390 Z_6.30 _.615 736.35 0.0165zoq 0.0_0_? 0._70 0.0061_ 1.08910 0.9850

110 1._9160 Z60.69 _._59 735,09 0.01_95_3 0.OhO_ ? 0._65 0.0069_ 1.07387 0.93]0

115 1.38710 Z76.k_ _.31Z 737.60 0.01_5_ 0.0_0_ 0.767 0.00776 1.06_67 0.5906

1Z0 1.3019W 293.10 4.173 7_0.39 O.Ot_oqq 0.0_076 0.Z67 0.008E1 1.06w2 _ 0.8586

125 1.Z2673 310.88 _.037 7_._Z 0.011_30] 0.041_ 0._69 0.309_6 1.060_ 0.8337

130 1.16106 3Z9,S8 3.903 7_8.Z5 0.010o0_3 0.E41_3 0.271 0.01031 1.0571_ 0.8150

140 1.0515_ 369.68 3.6h5 75w,Zfl 0.00028_ 0.0_281 0._77 0.011_6 1.05168 0.7997

160 0,963k6 _13.7_ 3._0t 761._0 0.008Z66_ 3.0_506 0.285 0.0136_ 1.0_7Z8 0.7775

160 0,890Z_ _61.51 3.17Z 766._3 0.007_557 0.0h71_ C,_93 0.0155_ 1.0_36_ 0.7599

170 0.0Z905 5$Z.Z_ 2.967 770.1q 0.0068095 0.050_9 6.302 0._17_ 1.0_05_ 0.750Z

180 0.7?660 565.56 2.787 773.19 0.006_77q G.05W62 0.319 0.01981 1.03799 0.7w57

190 0.73131 623.63 Z.606 7?5.00 0,005317_ 0.0589& 0.335 0.0ZZ21 1.03575 0.7_2Z

ZOO 0.69133 680.38 _._73 776.65 0.005_363 O._6?gg 0.3_q 0.02_6_ 1.03377 0.7381

220 0,6Z_IZ T9k.87 2.Z69 778.8Z 0.00_818Z 0.070_ 0.37_ 0.0_93q 1.030_5 0.731_

Z40 0.569_2 906._8 Z.131 779.97 0.0063367 0.0763Z 0.392 0.03&0_ 1.$Z777 0.727_

Z6$ 0._Z_39 1011.73 Z.O_Z 780._6 0.0030_q5 0.081_ 0.408 0.0387_ 1.0_55_ 0.7232

Z80 0.48616 1108._0 1.991 780.52 0.0036303 0.08509 O._Z3 0.0W350 1o02_66 0.7t9_

300 0.k5336 1196.5_ 1.967 780.31 0.0033621 0.08807 0._35 O.O_8zq 1.02205 0.71_9

320 O._Z_O? 1Z76.56 1.96_ 779.91 0.0011311 0.09035 _.._7 0.05317 1.02066 0.7tZ6

3_0 0.39966 13_9.9Z 1,969 779.W0 0.007q350 0.09_11 ;._$8 0.0581W 1.0i9_ 0.7096

360 0.37775 1_10.0_ 1.985 778.81 0.0027617 0.09350 0.h69 0.06371 1.01837 0.7068

380 0.35800 1_6Z.15 2.007 778.t8 0.00Z6087 0.09_66 O._?q 0,0683_ 1,01739 0.70_Z

400 0.3_0Z0 15_3.99 _.030 777.53 0.007_7_5 0.0956_ 0._89 0.07367 1.016_2 0.7019

_ZO 0.0ZWZ6 160_.27 Z.05_ 776.87 0.002350_ 0,09667 0._9_ 0.07906 1.0t57_ 0.6998

_48 0.3097_ 1663.91 2.077 776.Z1 0.00_40Z 0.09763 0.50_ 0.0_ 1.0t503 0.6980

b60 0.Z96_5 1rZ3.71 2.098 715.55 0.0021_03 0.09863 0.517 0.0901_ 1.01_38 0.6963

k8_ 0.Z0_9 1783.76 2.118 ?7_.91 0.0020_9_ 0.0g966 0._26 0.09591 1.01579 0.69_9

$00 0.Z7310 10_k.57 2.134 ?_.29 0.001_65_ 0.10076 _.535 0.10175 t. OI_Z_ 0.6937

_0 0.Z6278 1906.18 2.1k8 773,68 O.OOtOB_l 0.10193 0.5_5 _.10771 1.0127_ 0.6926

54§ 0.Z_315 1969.80 2.160 T73.k8 0.0018165 0.10313 0.55_ 0. I13R _ 1.01ZZ7 0.691_

560 0.2_8 Z033.28 2.169 772.88 0.0017611 0.10;_Z 0._63 0.1700_ 1.0118_ 0.6906

5_0 0._360Z ZO97.3k 2.177 772.29 0.0016995 0.i057_ 0.571 D.12F37 1.01tk_ 0.6898

600 O.ZZB30 Z16Z.Z5 2.183 771.73 0.09163]9 0.1071_ 0.580 0.13_80 1.01196 0.6892

650 0.Zl107 Z327.3_ 2.193 770._3 0.0015083 0.11070 0.603 0.1_9_1 1.010Z2 0.6879

TOO 0.196Z8 Z_95.7_ 2.197 769.24 0.001_00_ 0.11k_6 0.6Z5 0.1667_ 1.00951 0.6869

$00 0.17ZIB Z839.39 Z.195 767._1 0.0012Z68 0.1_27 0.66_ 0._03q3 1.00S33 0.6857

1000 0.138_8 3538.07 2.183 76h.13 0,0009836 0,1381h 0.755 0o28706 1.00669 0.68_3

_000 0.06976 7330.71 2.033 757.33 0,000w9_3 0._77Z7 1.15_ 1.09_7_ 1.Q0337 D._3q

3800 0,0k665 11005._8 1.833 75_.9_ 0,0003312 0.39307 1,50q Z.I_ 1.00Z_5 Q.5_02

_00| 0.03503 17150.14 1.636 753.37 0.000_9 0.5323_ 1._3_ 3.56009 %.001_ 0.529_

5000 0.0279Z 26756.40 1,_60 7_8.99 3.0_0_003 0.86970 _.1_1 5.01367 1.00135 0._?h9

4; ]
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d

C-Zb

000 mglA ISOBAR

TEN_ERATJRE VDLU_E

DEG. R CU FTILB

* 27.96; 0.20053

70 0*Z0055

30 O.20Z_Z

3Z 0°20441

3_ 0.20655

3b 0.20003

30 0.21120

;0 0*Z1306

;Z 0,21563

_; 0.21959

46 O.2ZZ?/

40 0.22518

50 0.27986

52 0.23303

54 0.23813

56 0,23280

50 0.2;787

60 0. 25341

62 0,25_47

64 0.26@11

66 0.27344

68 0.28152

ZO 0*29044

75 0.31700

00 0,3S037

05 0.39043

90 0.33568

95 0.4837Z

100 0.53Z_6

105 0.58079

110 O,6ZBZO

115 0.6?454

120 0.71985

125 O,Tb41b

230 0.80150

140 0.09Z18

150 0.91425

160 1.05409

170 1.13_91

280 1,Z0971

190 1.20480

ZOO 1.35]Z1

Z20 1.50589

2_0 1.65910

260 1,79240

280 1.93344

390 2,073Z0

320 Z,2[ZZt

340 2,35040

350 Z.48197

300 2.6250Z

_00 2.76163

470 2.89787

440 3.03370

460 3,16941

400 ].30400

_00 3.43997

SZO 3,57495

540 3,71004

560 3.0453]

SeO 3.g7902

600 ;.11422

650 4.4_94?

700 4.78433

000 5.35301

1000 6.70788

2000 13.44706

3000 20.10321

;000 26.76908

5000 33,50344

TW_-PqASE 80UNORY

TMERHODfNAMIC PROPERTIES OF PARAH¥OROGEN

ISOTHERM ISOCHOR[ INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DERIVATIVE OERIVATIVE ENERGY OF 50UNO

;U FT-P$1A/LB PSIA/R OTUILB BIUIL8 8TUILO-R BTU I L8 *R FTISEC

3399.42 77.5733 -131.572 -101.066 1,_1713 1,172 1.530 3601

3517.49 77.594; -131.522 -101,&12 1.21909 1,173 1.530 4608

3338.93 78.303; -128.621 -9_.635 1.32063 1.224 1.642 3557

3173.68 70.5180 -125.525 -95.244 1.43804 1.268 1.749 4503

3000.67 1o,1523 -172.240 -91,647 1.53710 1.30? 1.853 _443

Z061.76 77,3415 -118.777 -07.831 1,65581 1.342 1.949 4389

2116,23 16.2032 -115.138 -83.840 1.76396 1.372 2.043 4329

2559.55 73.9229 -1tl,330 -7_.659 1.01116 1.399 2.142 4Z61

2;00.70 73.4970 *10T.369 -75.278 1.97003 1.;Z3 Z.231 4193

226_.86 71.9340 -103.225 -70,695 2.00461 1.444 2,3_2 4224

21Jq.46 70,2252 -90.906 -65,905 2.19106 1.463 2*446 4052

1976.83 6_.3763 -94.411 -60.905 2.297_4 1.479 2.554 3977

183_,80 66.3733 -89,734 -55.603 2.40403 1.494 Z.667 3090

15_6.41 63.7319 -04,073 -50.234 2,51000 [,507 2.70T 3013

1568.78 61.9590 -79.022 -;_.545 2.61071 1.517 2oq05 3730

1_35.33 59.5837 -74.580 -38.613 2.72600 1.527 3.079 3644

1326.87 51.1155 -69.144 -32.424 2,03466 1.535 3,150 3556

1211.07 54.6030 -63.510 -25.970 Z.94405 1.542 3.297 3465

1105.93 52.0250 -57,660 -17,231 3,05453 1.549 3.441 3373

1002.23 ;9.3875 -51.620 -12.199 3.16616 1.550 3.59? 3278

909.53 46,7136 -45,354 -4,047 3.27926 1.560 $.75_ 3283

522,31 44,0252 -38.080 2.023 3.39370 1.565 3.917 3080

743.$; 31.33_; -32.205 10.020 3.50964 1,568 ;.082 2994

587,5_ 33.0063 -14.742 32.218 3,80476 1.576 ;.467 7777

485.00 24.1066 3.467 55.310 4.10351 1.588 ;.760 2596

429.75 24.271Z 21.547 79.364 4,39449 1.611 4.900 _461

311.80 20.;199 39.231 103.772 4.67330 1,674 4._20 2301

410,62 17,4266 55.760 127.417 4.92904 1.633 4.619 7347

440,82 15.1346 71,107 144.985 5,16065 1.640 4.368 2332

;70.96 13.3737 05,196 111.234 5.36004 1,646 4.137 2342

50_.79 11*9943 98.367 191,427 5.55595 1,657 3,9_7 2361

540.56 10.8900 110.846 210.771 5,72795 1.672 3.790 2385

577.69 9.9063 122.021 279.438 5.88703 1.69_ 3.602 2422

514.29 9.2350 13_.439 _47.6_1 6,035_9 1.7Zl 3.598 2434

651.52 0.5900 145.620 265.457 6.17576 1.753 3.535 2467

12_.60 7.5771 168.230 300.396 6.43_Z2 1.630 3.;65 25Zl

196,36 6,79_3 190,609 333.919 6.672_1 1.9Z3 3.350 2073

_66._2 6.1660 213.330 36_.481 6.89548 2.025 3.470 2672

_35.66 5.6461 _36.641 404,468 7.10757 2.134 3.510 2670

1002.6Z 5.2200 260.656 439.059 7.30985 Z. 2_ 3.570 2718

1066.97 ;.0_30 285.943 476.271 7.50655 2.369 3.645 2750

1130.95 4.5321 311.6_1 513,042 7.69502 2.472 3.71_ 2006

1255.98 4.0235 365,520 588.601 8,05502 2.652 3.04_ 2904

1377,90 3.6236 4_2,033 666.475 8.39357 2.700 3.942 3004

1397,_0 3.2999 480,4Z0 745.963 8.71183 2,680 4.005 3106

1524.99 3,0318 539.969 826.386 9,00973 Z.928 4.031 3Z09

1731.05 2.8959 599.8?5 907,007 9.20796 2,943 4,0_9 3323

1845,85 2.6125 659.651 987.365 9.54730 2,933 4.005 3417

195_.62 2,4450 71&.906 1067.090 9.78069 2.906 3.967 3520

Z072,53 Z.2984 777.396 1145.960 10.01418 2.069 3.971 3622

218_.10 2.1689 83_.946 12Z3.867 10.224_9 2.876 3.070 3773

2296,25 Z.0535 891.661 1300.765 10,42210 2,784 3.021 3821

2407.27 1.9502 947.412 1376.697 10.60733 2.742 3.714 3918

_517.82 1.8569 1002.313 1451.732 10.70190 2.?03 3.730 4012

2677.97 1.7124 1056.431 1525.943 20.94686 Z.669 3.692 4104

Z737.77 1.6954 1109.862 1599,429 L1.L0302 2.639 3.656 4193

7547.26 1.6249 1162.687 1672.279 11.25186 _.612 3.620 4200

2_56.48 1.5607 1214._94 1744.582 11,39370 2.590 3.603 4365

3060,05 1.3997 1767.214 2316.932 11,53012 2,571 3.580 4449

317_.61 1,4445 1318.616 1088.266 11.65935 2,555 3.562 4530

3_83.99 1.3933 1359.774 1959.337 11.78390 2.542 3.547 4609

3393,20 1.3457 1370.710 2030.170 11.90403 2.531 3.534 4686

3663.10 1.2400 1547.005 2206,227 12*10625 2.521 3.511 4871

3532.30 1.1498 1672.584 2381.426 12.44600 2.500 3.497 5049

4_69.19 %.0042 lqZZ._OZ 7730.202 1Z.922Z3 2.491 3.405 5382

5539,41 0.0010 2470.940 3426,485 13.68051 2.490 3.480 5909

20870.35 0.4001 4769._65 6961.400 16.13118 2.644 3.631 8315

26194,93 0.Z667 7755.352 10733.407 17.64713 2.923 3.910 10027

21510,5; O.ZO00 10846.176 14011.70] 19.01377 3,268 4.26_ 11406

26041.87 0.1600 14542,014 19517.007 20.89438 ;.235 5.326 12502
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600 PSIA ISDB&R

TENPEI_STURE DENSITY

DEGo R LB/CU FT

THE_MOOYNAHIC PROPERTIES OF PARAHYOROGEN '.' t': ,l. :1 " C-2b

V(DHIDV)p V(OPIOU) V -V(OPlOV} T (DVlOr_/v THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIiITY DIFFUSIVITY CONSTANT NUMBER

8TU/LB PSIA-CU FT/BTU PSIA IlOEG. R BTU/FT-HR-R LBIFT-$EC SQ FT/HR
X 10 _

• 2?°964 4.90681 344.11 13.277 17451.01

Z8 4,98607 345.34 13.272 17513.55

30 4.9_030 345.65 12.966 16495.31

32 4,89213 345.91 12.654 15526.08

34 4.84148 345.17 12.346 1_556.?S

36 4,78850 345.38 12.039 13703.56

38 4.73305 34_.71 11.737 12856.07

40 4.67590 342.17 11.453 11968.20

42 k,61619 339,0S 11.191 11119.02

44 4.55391 335.56 10.939 10304.85

66 k,40894 331.41 10.696 9514.11

60 4,42122 326.51 10.457 8739.99

SO 4,35047 3Z1.14 10.211 799C.96

52 4.Z7663 314.05 9.966 7255.17

54 4.19937 308.87 9.724 6587.88

56 4,11065 302,57 9.47; 5952.82

58 _.03430 295.95 9.221 5352.90

60 3,94621 208.83 8.971 4182,69

6Z 3,85b06 281.89 8,714 4262.32

64 3,75765 276.32 8.453 3766.23

66 3.65713 267.22 8.186 3326.27

68 3.55220 259.90 7.919 2921.00

71 3.44300 Z_2.76 7.656 ZS60.06

71 3,15453 237.36 7.015 1853.53

80 2.05410 226.60 6.421 1386.Z3

85 2.56129 222.21 5,882 1100.7Z

90 Z.295Z7 2Z3.45 S.477 945.19

95 2.06731 229.30 5.162 065.41

100 1.87807 230.96 4,913 827.80

105 1.72L79 250.63 6.719 810.93

1/0 1.59185 264.45 4.549 803.56

115 1.68249 279.50 6.392 801.37

120 1.38918 295.88 4.243 002.52

125 1.30652 313.15 6.101 803.87

130 1.23023 331.63 3.962 806.73

140 1,12065 371.65 3.693 812.17

150 1.02653 415.16 3.6;2 817.49

160 0.96868 ;62.53 3.209 821.96

170 0,08269 513.67 2.998 825.90

180 0,8266S 566,80 2.816 828.81

191 0.77633 6Z5.10 2.627 830.46

Z00 0,73569 681.90 2.492 832.03

ZZI 0.66406 796,52 2.285 834.04

261 0.60602 908.31 2.144 835.04

261 0.55784 1013.77 2.05; 835.38

Z60 0.51721 1110,65 2,002 835.29

300 0,48233 1190.98 1.976 834.43

321 0,45204 1279,18 1.971 836.39

340 0,42546 1352.71 1.978 833.76

360 0.40103 1620.97 1.993 833.0Z

381 0,38095 1485.21 2.014 832*26

400 0.36Z10 1547.16 2.037 831.68

420 0.34508 1507.54 2.061 830.70

440 0.32962 1667,26 2,084 829.93

460 0.31552 1727.14 2.105 829.17

680 0.30259 1787,26 2.124 828.42

500 0*29070 1848.13 2,140 327.70

520 0.27972 1509.81 2.154 827.00

$40 0.26946 1913.62 2,165 826.70

560 0.26005 2037.16 2.174 826.08

580 0.25127 2101.26 2.182 825.41

601 0.24307 2266,19 2.188 824.77

650 0.22675 2331.36 2.197 523.27

700 0.20902 2699.83 2,201 821.91

IO0 0.18358 2844.08 2.198 819,58

1000 0.14732 3542.;0 2.186 816.07

2000 0,07416 7335.43 2,035 008.33

3000 0004974 11810.34 1.834 805,59

4000 0.03?36 *?L36.91 1.638 &03.86

§000 0.02916 26606.30 1.269 799.26

0.00;6652 0,05368 1.9;2 0.0070_ 1.26160 1.9920

0.004_3Q5 0.05377 1.937 0.00705 1.2616_ 1.98W5

0.Q0;7519 0.05779 1.706 0.00712 1.25905 1.743_

0.0050572 0.06069 1.520 0°007@9 1.29632 1.5775

0.0053688 0.062?0 1.372 0.00699 1.253;6 1.;598

0.0056639 0.06645 1.250 0.00690 1.250;0 1.3612

0.005927; 0.06640 1.140 0.00687 1._4736 1.2719

0.0062602 0.06785 1.062 0.00677 1.24415 1.2075

0.0966100 0,06886 0.989 0.006_ 1.26080 1.158_

0.0069806 0.06949 0.926 0.00_51 1.23731 1.1215

0,0073812 0.06979 0.067 0.00636 1.23368 1.0945

0.0070234 0.06980 0._17 0.00618 1.22990 1.0761

0.0083061 0.06457 0.771 0.00599 1.22597 1.06_6

0.0088533 0.06913 0.730 0.00500 1.22187 1.0590

0.0044051 0.06850 0.691 0.00562 1.21759 1.0554

0.0100093 0.067;3 0.656 0.00561 1.21312 1.0606

0.01Q6699 0.06625 0.623 0.00529 1.200_7 1.0691

0.0114168 0.06497 0.592 0.00499 1.20363 1.0621

0,0122058 0.06362 0,563 0.00_80 1.19857 1.0966

0.0131132 0.06220 0.536 0.00660 1.19331 1.1156

0.0140639 0.06071 0.$10 0.00662 1.10782 1.1366

0,0150720 0.05916 0.685 0.00;25 1.18212 1.1565

0.0161498 0,05759 0.462 0.00410 1.17621 1.1787

0,0188216 0.05606 0._10 0.0038; 1.16067 1.2188

0.0210272 0.05083 0.367 0.0037_ 1.14466 1.2368

0,0220503 0.04794 0.333 0,00382 1,12917 1.2271

0.0216041 0.04553 0.310 0.00411 1.11524 1.1833

0,0201368 0,04370 0.29; 0.00450 1,10339 1.1201

0.0182811 O.OkZN5 0.286 0.00517 1,09363 1.0540

0,0164917 0.@4167 0.270 0.00585 1.08561 0.9951

0.0149265 0.94140 0.275 0.00659 1,07897 0.94;0

0,0135900 0.04165 0.273 0.00736 1.073_1 0.9021

0.0124637 0.06171 0.273 0.00815 1.06868 0.8685

0.0114882 0.0_212 0.27_ 0.00895 1.06661 0.8631

0.0106506 0.04264 0.276 0,0097_ 1,06106 0.8233

0.0093295 0.06351 0.281 0.01120 1.05516 0.8062

0.00830_7 0,06570 0.288 0.01240 1.05063 0.7626

0.0075016 0.0_832 0.296 0.01_68 1.0_655 0.76_6

0.0068363 0.05103 0.304 0.01667 1.06326 0.7533

0.0062982 0,05493 0.320 0.01861 1.04067 0.7693

0.0058318 0.05920 0.336 9.02087 1.03808 0,7455

0,0054471 0.06322 0.350 0.02314 1.03596 0.7411

0.0048241 0.0704Z 0.374 0.02760 1,03242 0.7344

0.00_339_ 0.07646 0.393 0.03201 1.02916 0.729;

0.0039501 0.08135 0._09 0.03662 1.02719 0.7250

0.003629? 0.08520 0.423 0.04006 1,02519 0,7210

0.0033606 0.00617 0.636 0.06537 1.02347 0.7173

0,0031311 0.09044 0,448 0,06995 1.02199 0.7138

0.0029326 0.09220 0.659 0.05663 1.02069 0.7106

0,0027591 0.09359 0.669 0.05939 1.01953 0.7077

0,0026060 0.09476 0._79 Q.06_26 1.01851 0,7050

0.0024697 0.09578 0.684 0.06923 1.01759 0,7026

0.0023676 0.99676 0*494 0.07;30 1.01675 0.7004

0,0022375 0.09772 0.508 0.079_7 1.01600 0.6985

0.0021376 0.090?2 0.518 0.08;75 1.01531 0.6968

0,0020466 0.09976 0,527 0.09013 1.01668 0.6453

0.0019632 0.10086 0,536 0.04563 1.01410 0,6941

0,0018866 0.10202 0.545 Q,10123 1.01357 0.6929

0,0013139 0,10323 0.55; 0.10701 1.01307 0.6917

0,0017465 0.10652 0.563 0.11283 1.01261 0,6908

0.0016880 0.10505 0,572 0*11877 1.01218 0.5900

0.0016316 0.10723 0.501 0.1_481 1.01178 0*6894

0,0015062 0.11082 0.603 0.14042 1.01089 0.6880

0,0013990 0.11658 D.625 0,15675 1.01012 0,6870

0,0012253 0,12241 0.669 0.19155 1.00888 0.6857

0.0009825 8.13831 0,755 0.26975 1.00713 0.68;3

0,0004950 0.27727 1.155 1.02697 1,00359 0.$447

0.0003310 0.39306 1,$11 2.02111 1.00240 0,5411

0.0002_88 0,531_0 1.036 3.33655 1,00180 D.5306

0,0002002 0.86168 2.145 S,43377 1.00144 0.;?72

4+3
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C-2b

650 PSIA ISIBAR

TENPERATURE VOLURE

OEG, R CU FT/L8

+ 20.1_T 0.20012

30 0,20i8L

3Z O.Z03T6

3_ 0.20585

36 0.Z0008

38 O.ZLO_?

40 0.21298

_Z 0.21567

_; 0.21854

_6 O.ZZt?Z

48 O.ZZk91

50 0.220_6

52 0,232Z7

54 0,23638

58 0.24082

58 0.24964

60 0,Z$086

62 0.25695

6_ 0.26275

65 0.26954

68 0.2?697

?0 0,20913

75 0,30910

80 0,33879

85 0.37t31

90 0,k1455

95 0._5812

100 0.5020_

105 0.5_?64

110 0.59185

115 0,63335

120 O,6TTq5

125 0.71_T5

130 0,76075

140 0.84071

150 0.9102k

160 0.993q0

170 1.068k7

180 1.1_112

190 1.21Z08

200 1,20247

220 1.42099

240 1.59718

250 1.69195

Z80 1o82455

300 1.99846

320 2,08T47

3_0 Z.ZL?_5

360 Z,34T44

380 2e4?661

k00 Z.60535

_20 Z.?3$?Z

_40 Z.0617T

460 2.98_55

480 3.11P08

SO0 3*2_440

SZO 3.3P153

540 3,49965

560 5.62634

500 3.?S292

600 3,8?939

690 4.19513

?00 _.S1040

800 9.13991

LO00 6.3?646

Z000 12,66_96

3000 18.98087

4000 29,20Z34

SO00 31,611_3

• TWO-PHASE BOUNORY

THERMODYNAMIC P_GP[_T[[S OF PA_AHYDROGEe,

ISOTHERM TSOCHORE INTERNAL ENTHALPY ENIROPY
OERIVATIVE DERIVATIVE ENFRGY

CU FT-PSIA/LB PSIJ/R B/U/L8 8TU/Lq BTUIL@-R

35_?.49 ?7.7866 -131,_60 -99._61 1,21_9_

3398.Tt 78._502 -128.793 -97.029 1.31q78

3235.55 18,7657 -L_5.729 -93.65_ 1,_285h

30T_.T? _8,4613 -122._T8 -90.077 1.53706

2921.64 T7.72_1 -119.051 -86.100 1.6_5G1

ZT84.81 76.6633 -115.452 -8_.325 1,757_3

2626.90 TS._3_ -111.697 -78.174 1.55a8_

ZkTS,31 T_.052_ -107°77Z -73.82_ 1,9o_93

2330.0T 72.5290 -103,691 -b9,20_ _.0706Z

2180.39 70._b84 -99._1 -b_.538 Z.17oOfi

ZDkT.15 69.0691 -_.99_ -59.591 Z.ZOlI_

1908.5_ 6_.1281 -90.30T -5_._Z_ 2.3066_

1773.51 &5.0hT_ °05.607 -_,Ok_ Z.19_17

16h_.35 62.8_32 -80.6_8 -_3._63 Z.59795

1516.59 60.5337 -75.508 -37.603 2.T0k13

1399.13 58.1_21 -?0.186 -31.52_ _-81080

1288.0_ 55,6933 -_;.679 -25.19_ Z.91_08

1179.51 53.Z018 -58.986 -1_.60_ _.O_b_9

1078.96 50.6612 -53,097 -11,_41 3,1350%

987.69 48.0740 -_7.010 -_.59_ 3.2_507

896.56 45.4835 -_0.T_5 _._$0 3,35612

316.60 _Z.0882 -34.291 10,58T 3._6826

69_.23 36.6093 -17.k6@ 31,1ql 3.75Z_

541._Z 30.9014 0.089 53._13 _.03910

477.61 26.0282 17.632 76.5_7 _.3t9_q

449.17 ZZ.0608 35.008 100.275 _.5907_

_47.17 18.9101 51._9_ 123.600 4.8_300

_63.21 16.4450 66.9T8 1_6.123 5,0Tk1_

488.67 10,5201 01.277 167,_?_ 5.28252

_18.80 13.0090 9k.670 187,_Z_ 5._7190

552,q5 11.7931 107.3T4 ZO?.3?T 5.5_57k

588.09 10.8025 119.551 226.251 5.80650

_Z_.Sk 9,9746 13L,356 2_.643 5.956_9

659.91 9.2756 1_2.904 262,646 6.09782

732.43 8.1968 165.602 297.92T 6.3593?

803.90 7,2998 108021k 33Z.743 6°59956

073.62 6,6161 _11.13Y 367,58_ 6.82_3q

942.89 6.0574 234.618 k0_.?91 /.03781

1010.13 5.5903 _58.780 438.388 7._01_5

107_.65 5.1809 Z8_,231 475.009 ?._391!

1138,80 _,0k50 310.081 511.930 7.&2839

1_6_,42 4._965 364.10_ 587.763 7.98967

1386.80 3,8662 kZO.76k 655.056 0.32916

2506.73 3.5186 _79.282 745.$27 8,84815

182_.?0 5.2311 538.926 026.10_ 0.9k663

1741.11 2.9091 598.919 g06.899 9.22532

1056,23 2.7822 658.TT1 98T.333 9.k851!

1970.20 2.6030 718.092 1_61.160 9.7267_

2083.4_ 2.446_ TT6.6kO 1146.1Z0 9.95240

Z195,8k Z,3080 031,29Z 172W.103 lO.tE331

Z30T.EO _.18k9 891.00_ 1301.0T8 10.36081

Z_1_.81 Z.OZk7 946,797 L3FT.O?T 10.54620

2529,54 1,9T52 1001.737 IWSZ.I?l 10.72091

2639.08 1.8891 1085.891 1526.436 10.88599

Z749.79 1.8030 1109,353 1599.972 11.0WZZ$

Z059.k2 1.7_79 1162.208 1672.867 11.L9119

2968.T_ 1.6590 IZlk. SWZ 17k5.211 11.33319

3080.73 1.5945 1266,807 1817.639 11.4696_

3189.39 1.5357 1318.233 1889.000 11,5989_

3Z97.6k 1.k812 1369.413 1960.111 11.72355

3k06.12 1.k10_ I_0,369 2030.971 13.04373

3676.18 1.3160 1545,787 2_07.088 12.12595

3949._1 1.2221 16TZ,_ZZ Z382.34_ 12,30_96

4k82.59 L.06?Z 19Z2,275 2731.282 12.8522_

5553.0Z 0.8520 2_20,804 3kZT.58T 13.62861

10884.21 0.h251 h969._37 5962.663 16._7140

16Z08.81 0.2833 7?55.328 ]0T3_.675 17.58736

21532.41 0,2125 100_k.�T9 1_011.T90 18.95366

26855.T_ 0.1700 1_52T.808 19503.351 _0.83132

_GR_AL PAGE IS

_)_ POOR QUALITY

CV CP VELOCITY

OF SOUNO

8Tu / L8 -q FT/SEC

1.17q 1.530 4628

1._Z 1.633 4507

1.267 1.739 4939

1,307 1.8_1 4_80

1.3k1 1.93_ 4_23

1.371 2. g29 4369

1,39_ Z.126 4302

t._ZZ Z.223 _Z3k

1,_ Z,322 _16F

I,_6_ ?.42Z 4098

z._q Z.527 _025

1._9_ 2.635 3949

t.508 Z. Tk7 3869

1.518 Z.080 3180

1.578 Z.901 3?02

1.53T 3.102 3618

_.5_ 3.2Z8 3532

1,550 1.364 3_43

1.556 3.502 3354

1,562 3.650 3262

1._66 3,_95 3173

1.569 3,9q3 3083

L.SFb _.29_ Z874

L.586 4.585 _693

t.609 _.237 ZSSZ

1,623 4. T?8 7462

1.63_ _.586 Z412

1.6_2 _.376 2391

1.6_9 _.16_ _391

1.659 $.987 _03

1.675 3.837 242Z

1.697 1.723 2445

1,724 3,534 2470

1.755 3,972 249_

1.633 3,497 ZS4S

1.925 3.477 _Sq4

Z°027 3._9_ _641

2.135 3.534 2689

Z,2_6 3.588 2735

_.371 3.662 2773

2._7_ l. T30 ZOZO

Z.65_ 3.855 ZqlF

2.790 $.952 3016

2.881 4.013 $118

Z.929 k.039 32Zl

Z.94_ 4,036 3329

Z.934 _.011 3429

Z,90P 3.9T2 3932

+.STO 3.925 3633

_.8ZT 3._74 5734

2. T8_ 3.025 3832

_.T_3 3. T?? 3728

Z.?04 3.733 4022

Z,670 3. b95 4_14

Z,639 3*560 4203

2.613 3.630 4290

_.$90 1.605 _3F5

2.571 !.50Z 4499

2,555 3.56_ 4939

_.5kZ 3._49 4618

2.531 3.536 _5gs

2.512 3.513 4800

2.500 3.498 9097

2._9L 3.405 $390

_,490 3._01 9996

_.6_ 3.631 03Z0

_.923 1.909 10021

3. Z64 _._60 11411

_.20_ $.296 12909
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850 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

TENPERAYURE DENSITY #(DH/OV);,

DE6. R LB/CU FT BTU/LB

VIDPIDU)_ -V(DPIDV) F

PSIA-CU FT/BTU PSTA

• 28,147 W.99694 3W8.75 13.255 17726.61

30 W,95520 350.05 12.973 16541.32

32 w.gOTBO 35C.55 12,666 15879.42

3W W.85709 350._2 12.367 lh936,6_

36 _.80581 350.04 12.061 14040.88

38 4.75136 350.17 11.768 13231,66

WO 4,695_7 3_7.6h 11.490 12337.qq

k2 4.6367? 344.6_ 11,231 11Nt?.29

44 _.575F2 341.35 10.980 10661.76

_6 4.51ZZ2 337.54 1C.740 982_.48

48 _.44613 337.98 10.504 9101.90

50 4,37722 327.96 10.262 8354.12

52 4.305kl 322.45 10.022 763_.70

54 4,23053 316.60 9.784 695E.4_

56 4.15ZN1 310,14 9.$40 6291.50

58 4.07103 303.93 9.294 5693.8_

60 3.986_2 297.55 9,050 513_.39

62 3.89793 290.66 8.803 4596.87

64 3.80588 _83.89 8.554 4106.39

66 3,71009 _76.80 B.297 3645.87

60 3,6104_ _T0.09 8.04_ 3236.97

70 3.50717 _63.29 7.793 2863.94

75 3.20524 248,26 7.180 2116.58

00 2.95170 237.13 6.600 1598.12

85 2.67159 232.21 6.056 1Z75.99

90 2.41159 232.16 5.635 1083.21

95 2.18215 736.72 5.303 9F6.10

100 1.98871 _45.11 5.035 921.10

105 1,8260Z _55.92 4.823 892.33

110 1.68963 Z68.6_ 4.640 076.$7

115 1.57392 _03.19 4.472 870.31

120 1.47501 298,99 4.316 867.43

125 1.30937 016.06 4.16S 867.N4

130 1.314_7 334.0_ 4.020 867.51

140 1,109_7 373.51 3.7_2 071.20

150 1.0090_ 417.00 3.403 875.48

160 1.00606 464.12 3.244 878.91

170 0,93592 514.84 3.031 002.47

180 0.87633 568.23 2.841 885.21

190 0.82503 626.76 2.648 886.61

200 0.77974 683.58 2.511 800.04

220 0.70374 790.32 2.301 889,0_

240 0.64220 910.27 2.158 890.60

260 0.59117 1015.92 2.066 090.74

280 0.54806 1113.00 2.012 890,47

300 0.51113 1201.51 1.906 889.93

320 0.47905 1281.89 1.979 889.22

340 0._5091 1355.57 1.986 888._1

360 0.42600 1423.97 2.001 887.54

380 0.40378 1488.32 2.022 886.63

400 0,38383 1550.38 2.04N 88_.72

420 0,36500 1610.85 2.068 884.81

440 0,34943 1670.65 2,090 883.91

k60 0.334_0 1730.E0 2.111 883.03

_00 0.32081 1790.79 2,130 882.17

501 0.308?2 1851.73 ?.146 881.34

520 0,Z96&0 1913.46 Z,159 8BO.Sk

5_0 0,28574 1977.47 2.170 880.30

560 0,27576 2041.03 2.179 879.50

_80 0,26646 2105.17 2.187 878.74

600 0,25777 2170.15 2.192 878.01

650 0.23837 2335.39 2,201 876.30

700 0.22171 2503.93 2,205 874.76

800 0.19_6 ?848.20 2.20? 872.11

1000 0,15634 3546073 2.186 868.14

2000 0.07896 7340.15 2.036 859.40

3000 0.0_203 11815,12 1.035 856,30

4000 0.03968 17129,17 1.641 654.38

5000 0,03153 26466.40 1,277 8_9.56

• TWO-PHA5E BOUMDRY

C-2b

{Bv/Dr_{v THERMAL VISCOSITY THERMAL OIELFCrRIC PRANOTL
- gONOU;TIVITY OIFFUSIVITY OON$TANT NUMBER

I/DEG. R BTUIFI-HR-e LqI_T-SEC SQ FTIHR

X 10 _

0.00_3_1 0.05432 1.9S6 0,00710 i.26225 1.9_W1

0.0046641 0.05805 1.737 0.0_717 1.25989 1.7590

0.004_60_ 0.06100 1,549 0.00715 1.25721 1.5894

0.00_2979 0.06304 1,s97 0.00?05 1.25439 1.4682

0.0055356 0.0645_ 1.272 0.00696 1.25145 1.3688

0.005793_ 0.066_4 1,168 0.30693 1.24839 1.2767

0.0061i65 0,06833 1.081 0.006B4 1.24523 1,2109

0,0964521 0,06938 1.006 0.0067_ 1.24195 1,1603

0.006_021 0.07006 0._40 0.00659 1.2385_ 1.12_0

O,O_TLTb9 0,070_1 0,883 0.00644 1.23495 1.0933

0.00758_ 0.070_E 0.831 0.006_? 1.2312_ 1.0734

0.0080353 0.0?027 0.78_ 0.00609 1.22746 1.0601

0.00851_9 0,06908 0.743 0.00591 1.22346 1.0519

0.0090338 0.06930 0.705 0.00573 1.21931 1.0472

0.00961_ 0.065_9 0.669 0._0552 1.21_99 1.0920

0.0102077 0.0671_ 0.63A 0.0053? 1o21050 1.0585

0.0108471 0,06593 0,606 0.00512 1.20553 1.06r3

0.0115735 0.06_65 0,5?7 0.00_93 1,20095 1.0804

0.0123372 0.063?9 0.550 0,00475 1.19594 l. Oqk7

0.0131859 0,06187 0,924 0.00457 1.19071 1.1122

0.014051_ 0.06041 0.499 0,00441 1.185_8 1.1293

0.01_9?53 0.05891 0._76 0.00426 1.17967 1.1476

0.0177946 0.05535 0.424 0.00398 1.16500 1.1852

0.0193361 0.052_8 0.181 0.00386 1.1N9_] 1.2039

0.0Z03985 0.0494_ 0._47 0.00391 1.13498 1.1980

0.0?03662 0.04704 0.322 0.00413 1.12131 1,1666

0.0193732 0.04915 0.305 _,00491 1.10938 1.1158

0.01785_0 0.04380 0,294 0,00503 1.09933 1.0569

0.0162722 0.04?90 0.287 0.00564 1,09090 1.0018

0.0148408 0.04253 0.282 0.00631 1,08396 0.9531

0.0135505 0.04249 0.380 0.00703 1,07806 0.9109

0.0124535 0.04266 0,279 0,00777 1,07303 0.8777

0,01149_ 0.04300 0,280 0.00852 1.06869 0,6511

0.0106924 0,0N346 0.281 0,00926 1,06490 0,8310

0.0093620 0.04421 0.285 0.01063 1.0S860 0.8125

0,0083380 0.04633 0.292 0,0122_ 1.05356 0.7876

0.0075277 0,04_91 0.299 0.01392 1,0_941 0,7585

0.0068641 0.05157 0.307 0.01589 1,04591 0.7570

0.00631_2 0.05525 0.322 0.01757 1,04294 O. 7527

0,0050435 0.05948 0.338 0.01968 1,04039 0.7487

0.0054558 0.06346 0.352 0.02182 1.03615 0.7440

0.0040285 0.07061 0.375 0.0260] 1.03438 0.7369

0,0043412 0.07661 0.394 0.03019 1.03134 0.7315

0.0039502 0.081_6 0.410 0.03435 1.02883 0,7260

0.0036286 0,08531 0.424 0.038S4 1.02671 0.7226

0,0033588 0.08827 0._37 0.04279 1,62_89 0.7187

0.0031288 0.09053 0.448 8.04712 1,02331 0.7150

0,0029300 0.09229 0._59 0.05153 1.03193 0.7117

0.0027563 0.09368 0,N70 0.0560] 1.02071 0.7086

0,0026031 0.09484 0,480 0,06062 1.01962 0.7058

0,0024669 0.09587 0.490 0.06531 1.01865 0.7033

0,002344R 0.09685 0.499 0.07010 1.01777 0.7010

0.0022347 0.09782 0.509 0.07498 1.01697 0,6990

0,00213_8 0,098&? 0.518 0.07996 1.01624 0.6973

0.0020439 0,09986 0.527 0.08504 1,01557 0,6958

0.0019606 0.10096 0.536 0.090?2 1.01496 0,6944

0.00180_1 0.10213 0.5_6 0,09551 1.01439 0.6933

0.0016113 0.10333 0.555 0.10096 1,01386 0,6920

0.0017461 0.10463 0.56_ 0.10646 1.01337 0.6911

0.80168S6 0,10596 0.$73 0.11206 1.01292 0.6903

0,0016293 0,1073_ 0.581 0.11776 1.01250 0,6896

0.00150_1 0.11093 0.604 0.13249 1.01155 0.6882

0.0013971 0.11420 0.626 0,1_789 1.01074 0.6871

0,0012237 0,12295 0,670 0.18072 1.009_? 0,6858

0,0009814 0,138N7 0.756 0.2544? 1.007_7 0,6044

0,0004996 0,27727 1.157 0o96716 1,00302 0.54S_

0,0003309 0.39304 1.514 1.90301 1.0025_ 0.$420

0,0002487 0._3070 1.840 3.13948 1,00192 0.5316

0.0002091 0.85438 2.t_9 5,09990 1,00153 O, N7g_
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C-2b

900 P$IA I$OOAR

TENPERATURE VOLU_E

DEG. R CU FT/L8

28.328 0.19472

30 0._0121

3Z 0.20313

34 O.ZOSlT

36 0.Z0735

38 0.20_68

40 0.Z1213

_ 0.214?6

_ 0.21P55

46 0.ZZ053

48 O.ZZS?l

50 0,22712

52 0.23078

Sk 0.23473

S6 0.23897

S8 0.243S6

GO 0.24851

62 0.25387

64 0.25969

68 0.26002

58 0*27292

?0 0.26044

75 O.30ZZg

60 0.32405

03 0.36086

go 0.39710

gS 0,43652

100 0.477S9

105 0,51J11

110 0.56044

LAS 0.60123

120 0.64137

125 0.68084

130 0.71_63

140 0*7953G

150 0.8_687

160 0.94069

170 1,01095

160 1.08033

lqO 1.14760

200 1.21435

2Z0 1.34563

240 1*47464

2GO 1.60191

ZSO 1,72783

300 1.85267

320 1.97664

340 2.0g_gO

360 2.22Z55

380 2.3447Z

400 2.46646

420 z.58r83

440 2.?088q

460 2.82968

480 2.95023

SO0 3,OTOYT

520 3,19073

540 3.31191

560 3.43164

580 305S12S

600 3,6?075

650 $.gDqOT

700 4.26692

800 4.66160

1000 6,04852

_OOO LX.Q6904

3000 17.68Y00

_000 23.60969

5000 _ 85890

• TMD-PHASE ]UNOR¥

IHE;MOOYNAMIC PROPERTIES OF PARAHYOROGEN

ISOTHERN I$OCHORE INTERNAL £'rNALPY ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUNO

CU rT-PSIA/LB PSIAIR 8IUILB _rulL8 BTU/LB-R BTU I LB -R FTISEC

3594.67 78,0036 -131,344 -98.059 1.22073 1.177 1.531 4634

3q5?,43 78.7140 -128.956 -95.423 L.31113 1.220 L.623 4616

3296,22 78,4918 -LZS,Q20 -qZ.OG7 1.41940 1.266 L. 729 4567

3136,44 78.7533 o122.?04 -88.511 1,52715 1.306 1.030 4513

2980.20 78.8982 -119.312 -84.756 1.63448 1,348 1.927 4455

2851,79 77.1127 -115,751 -60.607 1,74119 1.370 2.01S 4406

2692*56 75.9410 -112.037 -?6.684 1.64653 1.398 2.112 4341

2545.36 74.58ke -108,151 -72.360 L.95240 1.422 2.205 4277

2399,06 73,1007 -104.112 -67.857 2,05716 1.443 2.302 4211

2258,17 71,4643 -99,907 -63.135 2.26163 L.462 Z. 40D 4144

2118,76 69.7322 -95,538 -58,255 2.26589 1.479 2.500 4073

1977.65 67,0552 -91,006 -53.156 2.36995 1.495 Z. 606 3997

1843.17 65.8307 -86,301 -47.839 2,47421 1.508 2.714 3920

I71_.66 63.6873 -81,_25 -42.306 2,57861 1,519 2.622 3842

1592.24 61.4409 -76.378 -36.551 2,66325 1.529 20933 3762

1474.39 59.1155 -TL.IGO -30.Y70 2.T8820 1.035 3.048 3679

1356.51 56.7238 065.769 -24.354 2,893S5 1.545 3.170 3593

1253.$9 54.3084 -60.203 -17.694 2.49947 1.$52 3.293 3510

1153.65 51.8510 -54._59 *11.180 3.10604 1,5S6 3,420 3426

1056.69 49,3S11 -40.540 -4.285 3.21334 1.563 3°5S7 3337

970.8_ 46.8378 -42.444 3,041 3,32149 1.567 3.G89 32S2

888.16 44.3256 -36.182 10.554 3.43039 1.578 3.825 3166

728.83 30.Z012 -19,891 30.480 3.20533 1*576 4.166 24Jl164

G01,02 32,5792 -2.012 S1,925 3.98195 1°506 6.416 2736

527.70 27,6900 14,126 74.267 4.25265 1.607 4.56G 2642

489.61 23.63?3 31.169 97.348 4.51649 1.G23 4.621 2562

479,26 20.3623 47.537 120.265 4.764S4 1.634 4.534 2482

;88.60 17.7475 63,062 142.675 4.99430 1.644 4.367 24S2

509.12 15.6793 77,526 164.040 5.20262 1,651 4o1|1 24_4

536,32 1408355 91,113 184.513 5,39333 1.662 4.012 2kkg

567,34 12.7128 104.004 204.202 5.5683g 1.625 3.871 2462

_00.42 11,6291 116.366 223,253 5.T3057 1,699 $.7S8 2480

635.43 L0.7275 128.342 241.000 5,06202 1.726 3.669 25|2

670,92 9.9641 140.048 259.9?8 6.0Z661 1.756 3.602 2526

741.35 8.7452 163,018 295.$6! 6.26840 1.835 3.526 ZSGq

812.49 7,0143 185.856 330.6S9 6.53051 1.727 3.582 2616

681.28 7.0741 Z08,965 365,736 6.75690 2.029 3.518 2661

950,26 6.4733 232.595 481.075 6.97113 2.137 3.566 2706

1018.12 5.9692 256.922 436.965 ?.tTDZS 2.24? 3.60g 2752

1082.75 5.5220 Z02.541 473.795 7.37526 2,374 3.679 2764

11_7,20 5,1685 308.498 518.G76 ?.5G532 2.47*6 3.764 ZM3S

1273.17 4.5715 362,703 506.961 7*92783 2*656 3.667 2330

1395.97 4.1104 419.510 665,267 8.2682G Z.792 $°?62 3129

1516.29 3.7384 4T8.246 745.115 8.58796 2.863 4.021 3130

1634.62 3.4313 537.892 825.844 6.08700 2.931 4.046 3233

1751.34 3.1730 597,972 906.729 q.16615 2.946 4.042 3337

186G.75 2.9524 657.896 987.317 9.42630 2.935 4.016 3440

1961.87 2.7616 717.285 1067.245 9.66823 2.908 3.9?7 3343

2094,47 2°5947 ?75,891 1146.293 9.89423 2.871 3. g2g 3644

2207.89 2.44?6 833.595 1224.356 18,L0527 2.620 3.878 3744

2319.05 2.3166 090.353 1301.402 10.30296 2.785 3*828 3843

2430.44 2.1994 946.188 1377.465 10,46650 2.74k 3.780 3935

2541,33 Z.0937 1001.166 1452.610 10.86334 2.705 3°736 4133

2651.80 1.9960 1055.354 1526.936 10.02654 2.670 3.697 4124

2761.88 1.9106 1108.&46 1600.521 10.96491 2.640 3.663 4213

2671.63 1.8311 1161.733 1673._61 11.13304 20613 30633 4300

2981.09 1.7579 1214,094 1745.846 11.27602 2.591 3.607 _333

3093.48 1,6694 1266.403 1810.351 11,41261 2._72 3.584 _469

3202.22 1,6278 1317,652 186g.755 11.$4196 2.506 3.56G 454g

3310.75 1.5692 1369.056 lgbo.ogo 11.666G3 2.543 3.550 4628

3419010 1.5154 1420.030 2031.780 11,7D665 2.532 3.53? 4204

3389.31 L.3961 1546.4g2 2207.059 12.06917 2.512 3.514 4690

3058.75 1,2944 1672.162 2363,268 12.32926 Z.500 3*4gg $066

4446*01 1.1302 lgZZ*071 Z732,284 12.7gs63 2,4ql 3*406 5399

5566,65 0.9022 2420,669 3428,600 13.57213 Z.491 3.401 6014

10696.06 0.4501 4960.211 6063,918 16.01604 2.645 3.631 8326

16222.66 0*3000 7?55*30? 10735,043 17.53100 Z. 923 3*gOg 2D023

21546*25 O,ZZSO 10343,085 14811.903 18.84701 3.261 4*257 11415

26869.57 0o1080 L4514,804 19440.958 20.77196 4.184 5.'Fq IZSL7
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900 PSIA I$0809

THERNOOYNAHIC PROPERTI(S OF PARAHYDROGEN

TERPERATUR[ DENSITY V(ONIOV)p V(OP/DU_ -V(OPIOV) T

OEG. R LB/CU FT BTUIL8 PSZA-CU FTISTU PS]A

• 28.328 S.00605 353.31 13.236 17996.29

30 4.96904 304.35 12.980 1T182.90

32 4.92292 305.11 12,676 16227.01

34 4.07401 355.16 12,376 1S287.01

36 4o02Z76 354.59 12.083 14372.73

38 4.76925 355.48 11.798 13600.08

40 4,71415 352.95 11.525 1Z693.14

42 4.65638 350.47 11.268 11852.17

44 4.59675 347.36 11.019 11031.53

46 4.53409 343.72 10.702 10239.90

kB 4.469_9 339.53 10.548 9470.82

50 4.40300 33_.48 10.311 8707.$8

52 4.33307 329.Z5 10.074 7986°56

$4 4.26022 3Z3.71 9.842 7304,90

56 4.18454 318.07 9,602 6662.79

58 4.10503 312.12 9.362 6053.$9

60 4.02403 305.53 9.123 5466.70

62 3.93099 299,40 8.884 4?37.08

64 3.85060 293.03 8.645 444Z.32

66 3.75207 286.26 8.399 3972.19

60 3.66404 279.91 8,155 3554.Z0

70 3.S6503 273.32 7.916 3167.01

7S 3.30805 Z56.77 7.3Z6 2364.53

80 3.03910 247.82 6.761 1020.99

85 2.77t15 242,17 6.216 1462.33

90 2.518Z6 241.06 5.785 1232.90

90 2.29066 244.40 5.439 1097.93

100 2.09303 251.72 5,106 1023.00

105 1.927_39 261,52 4.930 980.76

110 1.78432 273.54 4.733 9S6.97

115 1.66326 287,31 4.555 943.63

120 2055917 302054 4.389 936.16

125 1o46870 319,22 4.231 933,31

130 1.30961 337.08 4.079 932.32

240 1.25730 375,86 3.791 932,09

250 1.15092 419.13 3.524 935.11

160 1.06305 465.0_ 3,280 936,84

170 0.98917 516.34 3.062 939.97

160 0.9Z564 569.74 2.870 942.42

190 0.87138 628.60 2.669 943.49

ZOO 0.823k9 $65.44 Z.S30 944.71

220 0.74314 000.26 2.316 9_6.15

240 0.67813 912.37 2.171 946.65

260 0.62425 1018.19 2.077 946.50

280 0.57876 1115.45 2.023 946.05

300 0.$3976 1204.14 1.996 945.31

320 0.50591 128k.67 1.968 944.41

340 0.47621 1358.50 1.994 943.41

360 0.44993 1427.02 2.009 942.37

360 0.42649 1491.48 2.029 941.30

400 0,40§44 1553.64 2.002 940.23

420 0.38642 1614.19 2.079 939.18

440 0.36915 1674.07 2.091 938.14

660 0.35340 1734.09 2,117 937.14

480 0.33896 1794.34 2.136 936.16

580 0.32567 1855.34 2.151 q35.21

520 0.31341 1917.13 2.165 934.30

040 0.30294 1981.34 2.176 934.05

SbO 0.29141 2044.94 2,164 933.14

S80 0.28159 2109.11 2.192 932.20

BOO 0.27242 2176.13 2.197 931.45

650 0.25195 2339.44 2.206 929.92

700 0.23436 2508.04 2.209 927.78

800 0.20569 2852.49 2.206 924.80

1000 0.16033 35S1.07 2,191 920.33

2000 0.08355 7344.07 2.037 910.52

$000 0.05591 11819.92 1.035 907.00

4000 0004200 17120.71 1.643 906.94

S000 0.03349 26340.55 1.205 899,88

• 7NO-PHASE 80UOORY

C-;'b

(DV/OT)_V TNERNAL VISCOSITY THERNAL OIELECTRZC PRANOTL
CONOUCTIVITY OZFFUSIVTTY CONSTANT NUHBER

I/OEG. R BTU/FT-HRoR LOtFT-_EC SQ FT/HR
X 10 _

0.0043339 0.05494 1.971 0.00717 1.2628_ 1.9?70

0.0045810 0.05830 1.770 0.00723 2.2607? 1.77_7

0.0048679 0.06129 1.577 0.00720 1.25806 1.6013

0.0091516 0.06339 1._22 0.00711 1.25530 1.4776

0.0054338 0.06522 1.295 0.00702 1._5241 1.3769

0.0056697 0.06727 1.109 0.00700 1.24939 1.2820

0,0059828 0.06001 1.099 0.00691 1._4630 1.2147

0.0062929 0.06989 1.023 0.00601 1.24300 1.1617

0.0066265 0.07061 0.956 0.00_67 1.23971 1.1221

0,0069810 0.07100 0.890 0.006S3 1.23623 1.0923

0.0073620 0.07109 0.046 0.00836 1.23262 1.0707

0.00779_7 0.07095 0.799 O. OO&18 1.22889 1.0570

0.0082427 0.07061 0.757 0.00600 1.22500 1.0476

0.0087184 0.07008 0.710 0.00583 1.22096 1.0413

0.0092215 0.06911 0.603 0.00563 1.21677 1.0_29

0.0097654 0.06803 0.650 0.0054_ 1.21242 1.0477

0.0103762 0.06686 0.619 0.0057_ 1.20T91 1.0562

0.010998_ 0.06563 0.590 0.00506 1.20323 1.0655

0.0116720 0.06433 0.563 0.0048_ 1.19839 1.0770

0,01242_Z 0,06298 0.537 0.00471 1.19338 1.09Z0

0.0131779 0.06158 0.513 0.00456 1.10820 1.1060

0.0139960 0.06014 0.490 0.00441 1.18286 1.1219

0.0160204 0.05657 0.438 0.00413 1.16092 1.1567

0.0178127 0.05361 0.395 0.00400 2.15449 1.1718

0,0189355 0,05085 0.361 0.00400 1.14024 1.1709

0.0191713 0.04047 0.335 0.00416 1.12691 1.1483

0.0185461 0.04655 0.316 0.004_8 1.11501 1.1077

0.0173476 0.04511 0.303 0.00493 1.10477 1.0566

0.0199869 0.04417 0.295 0.00540 2.09611 1.0062

0.0146666 0.04365 0,290 0.00610 1.08881 0.9589

0.01347?3 0.04352 0.287 0.00676 1.08261 0.9184

0.0124222 0.04361 0.785 0.00744 1.07731 0.8054

0.0116941 0.04380 0.205 0.00014 1.07271 0.8586

0.0106874 0.04429 0.Z86 0.00085 1.06870 0.0376

0.00938Z3 0.04492 0.790 0.02013 L.06ZOZ 0,8185

0.0083566 0,04697 0.295 0.01165 1.05667 0.79Z3

0.0075510 0.04950 0.302 0.01324 1.05226 0.77?6

000068867 0.05212 0.310 3.01482 1004057 0.7604

0.0063340 0.05509 0.324 0.01664 1004540 0.7565

0.0058527 0.05977 0,339 0.01865 2.04270 0.7518

0.0054626 0.06372 0.353 0.02067 1.04032 0.7469

0,0048317 0.07081 0.376 0.02_64 1.03633 0.7394

0.0043420 0.07677 0.395 0.02850 1.83312 0.7338

0.0039495 0.08162 0.411 0.03251 1.03046 0.7287

0.0036270 0.08543 0.4Z5 0.03648 1.02022 0.7242

0.0033566 0.08838 0._37 0,04051 1.02630 0.7201

0.0031262 0.09063 0.449 0.04461 1.02463 0.7162

0.00?9272 0.09239 0.460 0.04879 1.02317 0.7127

0.0027034 0.09370 0.470 0.05305 1.02169 0.709_

0.0026002 0.09493 0.480 0.05740 1.02074 0.7066

0.0024639 0.09597 0.490 0.06104 1o01971 0.7040

0.0023418 0.09695 0.500 0.06637 1.01870 0.7016

0°0022318 0.09791 0,509 0.07099 1.01793 0.6996

0.0021320 0.09892 0.519 0.07571 1.01716 0.6978

0.0020411 0,09996 0,528 0.0805? 1.01646 0.6962

0,0019579 0.10106 0.537 0.08542 1.01581 0.69_8

0.0018815 0.10223 0,546 0.09043 1.01521 0.6936

0.0016087 0*10344 0.555 0.09560 1.01465 0.6923

0.0017436 0.10473 0.564 0.10080 1.0141_ 0.6913

0,0016032 0.10607 0.573 0.20610 1.01366 0.6905

0.0016270 0.10745 0.58? 0.11150 1.01321 0.6090

0.0015019 0,11105 0.604 0o12544 1.01221 0.6883

0,0013952 0.11482 0.6?6 0.14002 1.01136 0.6872

0.0012221 0,12268 0,670 0.17109 1.00996 0.6850

0.0009803 0,13864 0.7S7 0.24009 1.00800 0,6844

0.0004943 0,27727 1,159 0.91400 1.00404 0.5463

0.0003307 0,39302 1.516 1.29003 1.00270 0.5429

0.0002486 0.52998 1.843 Z.96444 1.00203 0.5320

0.0002000 0.84769 2.152 4.80420 1,00162 0.4816
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C-2h

950 PSIA IS09aR

IHEkMOOYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE VOLU_E ISOTHF_H I$0CHORE INTERNAL ENTHALP¥ ENTROPY

DERIVATIVE DERIVATIVE ENERGY

3EG, R C_ FT/LB CU ;T-PSIA/LB PSIA/R 8TUILB 8TU/LB BTU/LB*R

" 28.505 0.19933 36h0.86 7_,Z239 -151,226 -96.161 1.Z2Z51

30 0.20055 3522.2h 70o8771 -129.100 -93.811 1,30285

32 0.20Z51 3356,13 _9.Z17Z -125.105 -90*_80 1.k1030

3W 0*20_51 319_.93 79.039_ -122.920 -86.94_ 1,519_?

36 0.20665 3037.50 78.36_3 -119,560 -83._09 1.6Z419

30 0,208_1 2903,33 TT,SW18 -116.03T -79.286 1,T30Zk

;0 0.21132 2763.52 76.3909 -112.353 -75.170 1.83558

;Z 0.21386 2612,_3 75.0925 °108,519 *70,897 1,94000

34 0.21657 2566.32 T],6503 -103*526 -66._2? Z.03395

36 0,21_47 2325.16 72.0756 -100.373 -61*96_ 2.14955

kS 3,22_55 2187.k$ 70*3908 -96*06Z -56.911 Z*Zf1084

50 0,22505 Z050,72 68.5398 -91,509 -51.859 Z,35395

52 0.22938 [317.71 66.5786 -86.955 -36.605 2.55698

53 0,23316 1780,33 63.4963 -02.159 -_1,132 Z,56006

56 0,23723 166C.93 62.3086 -77.197 -3_.465 2.66329

58 0.23161 153_.39 60,0337 -TZ,OTh -29.572 2.76668

60 0,23631 1332.86 57,7163 -66,700 -2_.457 Z.87032

62 0.25150 132_.58 $5,3560 -61.33T -[7.113 Z.97333

6_ 0,25688 1223,98 52.9673 -55,?Z3 -10.53I 3,09877

66 0,26283 113C.08 50.5k92 *39°943 -3.708 3.18378

60 0,26927 10_1.95 ;8.1006 -34.003 $,365 3.28936

70 O._TSZ; 95_,96 4_.6696 -37.911 10.605 3,39533

75 0*29635 TSf._l 39°6926 -22.008 30*0_4 3°66246

80 0.3206_ 661.21 33.1555 -5.614 50.798 3,93027

85 0.333W4 578,7q 29.27S9 10.965 1Z*337 ;.19254

90 0.3822Z 532,C9 25.1569 29.670 93.908 ;*43931

95 0.41012 513,05 21.7721 33.894 11_.4Z7 ;.69283

100 0.35509 51_.76 19.0337 59.412 139.609 4.920_5

105 0,39447 532.;0 16.03ZT 73.966 160.991 5.128T;

110 0,53305 555.68 15,0683 8T,691 181._62 $.31960

115 0,5913? 583,07 13.6391 100,746 201,258 5.49562

120 0.60)26 615._8 12,4645 113,273 ZZO.;Sl 5.65900

125 0,64654 6_8.29 11.4091 125.403 239.139 5,01198

130 0.68320 682.61 10.6627 137.284 ZST.;S4 S*99926

130 0.75512 752*23 9.33Z5 160._79 293.315 6*ZZ106

150 0.82500 821.98 8.339; 183.536 328.656 6.36;97

160 0.89327 890.72 7.5375 206.027 363,966 6.69Z00

170 0.96007 958.85 6.8902 230.613 399.503 6.g0823

180 1*02573 102_,20 6.3820 255.065 ;35.505 7,11300

190 1.09006 1091,27 5,8870 280,889 472.615 7.3145_

200 1.15392 lt95,90 5*3786 306.938 $09.886 ?.90934

220 1.Z7032 1282.25 4.8384 361.319 586.193 7*86916

Z;O 1.;0090 1305.50 ;.3560 318.269 664.705 8.21038

260 1.52178 1526._7 3.959; 477.025 744.TZ0 8*53088

280 1*6_135 16_;.72 3.632; 536.869 829,606 8,83047

300 1.75_06 1_61.73 3.3577 597.034 90_,618 9,11006

320 1.8775Z 1877.;Z 3,123Z 657.03; 987.317 9,370_7

340 1,99640 1991.99 2.9206 T16.489 1067,343 9,61Z00

360 2,11086 2105.61 Z.7_36 975.1_9 1146._9 9.83905

380 Z.ZZ6_4 2218.34 Z*587_ 832*904 12Z_,620 10.0S030

;00 2.34221 _330.59 Z.4386 089.T08 1301,?36 10.2581?

_20 2.49732 2442.15 2.324_ 949.885 137_o862 10.43387

4_0 2.57213 2553.20 Z. ZlZ5 1000,99_ 1353,073 10*60084

_60 2.68566 2663.81 2,1111 1053.822 1527.44k 10.77316

_80 Z.80096 2773,03 2,0188 1108.3_ 1601.076 10.93063

500 Z,91505 2003.90 1.9333 1161.Z61 16?4.060 11,079_5

520 3,02895 2993.;_ 1.8589 1213.649 17_6._87 11.22191

5;0 3.16396 3106.29 1.9844 1266.002 1819.069 11.35881

560 3.237_5 3Z15,11 1.T183 1317.37_ 1090.507 11.48803

580 3.3?08Z 3323.71 1.65_3 1368.698 1961.673 12.51275

680 3,48_08 3432.13 1.600_ 1419.593 Z032.992 11.73303

650 3,75681 3?02,48 1.5742 1536.198 2208.033 12.01548

700 _.04907 3972,03 1.366_ 16_1.904 Z384.194 1_.27581

000 4.61E59 4509.39 1.1933 1921,868 2_33,288 lZ.13208

1000 5,73r21 5580.20 0*95Z4 2;20,536 34Z9.793 13.51870

2000 11.3_636 10911.89 0.4751 4969,186 6969.1_Z 19*96173

3000 16.95100 16236,_9 0.316_ 7755,289 10737.212 17.47769

;000 2Z.56363 21560.07 0.23?5 10842.000 14812.137 10,043_3

5000 Z0,29116 26083,3T 0.1900 14502.043 19379,561 Z0.91589

TW3-PHA$E 8OUMORY

CV CP VELOCITY

OF SOUND

BTU I LB -R FT/SEC

1,180 1.532 4681

1.218 1.613 ;6_8

1.263 1.719 _597

1.305 1.019 ;5;4

1.339 1.916 ;487

1,370 Z. 006 4438

1.397 2,096 ;_82

1.321 2.189 3318

1.34] 2,283 4Z52

1.362 2.379 41_6

1,579 2.;76 4119

1.495 Z.577 _0_7

1.509 2.680 3973

1.520 Z. 784 3896

1.530 2.89; 3815

1.539 3.003 3736

1.537 3.114 3686

1.55; 3.230 3513

1,559 3.352 3491

1.565 3.;7; 3_09

1.569 3.596 3326

1.572 3.7Z3 3244

1.5 77 ;* 019 3048

1.586 4.273 2873

1,60T 4.453 2726

1.62_ 4.510 2620

1.635 4.371 2552

1.636 4.339 2513

1.653 ;.183 2498

1.664 ;.029 2496

1.681 3.895 2504

1*_02 3.78; 2_18

1.728 3.699 2535

1.760 3.632 Z5S5

1.8 37 3. 552 2596

1. 920 3. 526 Z639

2.031 3. 538 2682

2.139 3.576 IT25

2.2;9 3.628 2769

2.37r 3. T04 2007

2,479 3,759 2849

2.650 3.876 Z944

2.79; 3.971 3042

_.884 4.030 3143

Z.93_ ;.053 3Z45

_.9k7 4*0;8 33_8

2,936 ;.0_1 34_1

2.909 3.901 3884

2.87_ 3.933 3655

2.829 3.882 37_5

Z.786 3.831 31S3

2,744 1o703 3949

2*706 3.739 _063

2.671 3*700 _134

Z.640 3.66_ ;Z23

2,614 3. 635 331_

Z. 591 3. 609 4395

Z, S 72 3. 505 _419

2, 59? 3. 567 kSS9

2,543 3.552 4637

2.932 3.539 _714

2.512 3.515 4899

2,501 3. S00 5075

2. k92 3.587 9607

2.591 3.301 6011

2,645 3.631 8331

2.923 3.909 10030

3, Z59 ;.253 11;20

;.162 5.243 12924

"
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950 PSZA ISOBOR

THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN C- 2b

TENPERATURE DENSITY VIDH/DV}p V(DPIDU) V -V(OP/DV| T (DVIOI]fV THEOHAL VISCOSITY tHERMAL DIELECTRIC PRANDTL
CONOUCTI41TY OIFFUSIVTTY CONSTANT NUNBER

DEG. R LBICU FT BTUILB P$IA-CU FTIBTU PSIA I/DEG. R BTUIFT-HR-R LB/FT-$EC 5Q FT/HR
X lO"

* 20.500 5.0160_ _57.79 13.217 10265.63 _.OOWZ&26 0.0555b 1.985 0.00721 %,26338 1.9706

30 4.98390 359.08 12.98g 17S5W,40 0.004w933 0.0585w 1.803 Q.OOIP_ 1.26151 1,7895

32 4.93801 359,59 %2,687 16572.64 0,004T800 0.0&158 1,606 0.30726 1.2589Z 1,6137

34 4.88900 359,79 I2.390 15632.36 0.0050S61 0.06372 1,W_7 0.00716 1,25619 1.487w

36 4.03930 359.01 12.105 14699.40 0.0053379 0.06560 1.]17 0._0707 1.2533_ 1.3851

36 4,7867! 359.50 11.026 13097.44 0.0055796 0.06769 1.209 _.00705 1.2503_ t.2895

40 4.73210 358,7& 11.554 13077.26 0.0058415 0.06926 1.II_ 0,_0698 1.24730 1.2173

42 4,6750_ 356.0? 11.301 1_215,36 0.0061474 0.fl7040 1.040 0.00608 1,24414 1.1639

44 4.61735 353.05 11.055 11387.85 0.00646?4 0.07116 O.q?Z 3.00_75 1.24086 1.1231

46 4.556_8 349.63 10.820 10594,54 0.0065031 0,07150 0.9%3 _.0066I 1=23746 1.0920

46 4.49329 345.77 10,509 9028.66 0.007L596 0.07172 0.860 _.006_ 1.23392 1.0690

50 4.42?69 341.35 10.356 9079.97 0.007548S 0,07161 0.8%3 0.0062_ 1.2_027 1.0531

52 4,3S960 336.40 10,124 8360.47 0.0079635 0,07131 0.7?0 0._0610 1.22648 1.0421

$4 4.28804 331,10 9.895 76?0,30 0,008_086 0.07083 0.731 0.00593 %.2225_ 1.03_9

56 4°21528 325o21 9.661 7001.29 0.0008996 0,06990 0.696 0.00577 %,21047 1.0367

58 4.13897 319,66 9.425 6392.17 0.009393] 0.06887 _,662 0._055_ 1.21_25 1.0396

60 4.05985 313,83 9.192 5017.18 0°0099217 0.06775 0.631 0,00536 1,20gBB 1,04W9

62 3.97778 307.86 8,958 5276.95 0,010_903 0.06657 0,603 0._0518 1.20536 1,0525

64 3*09280 301,52 8.726 4764,70 0.0111166 0,06532 0,576 _.00501 1,20070 1,0631

66 3.00470 295.47 8.49% 4299.70 0.011756k 0.06402 0.550 0.00W8_ 1.1_58e 1.0743

60 3.713T9 289.31 8.255 3069,50 0°0124305 0.06268 0.526 0.00469 1.19_91 1.0862

70 3.61930 203,00 0.027 3471.41 0.0131559 0,06131 0.503 0.00_55 1.10500 1.0999

75 3.37_42 _68.87 7,458 265S,37 0.0149401 0.05782 0._52 0,00_2_ 1.17259 1.1300

80 3.11039 2S7.98 6.907 Z061.91 0,0165650 0.05487 0,_09 0, G041_ 1.15873 1.1458

8_ 2.06172 251.94 6.366 2656°35 0.0176750 0.052%8 0.374 0.00410 1.1_505 1.I475

90 2.6162_ 250.02 5.927 1392,09 0.0180713 0.04983 0.346 0.00422 1o13206 %,1300

95 2.39106 252.w6 5.560 1229,44 O°01TTo_g 0.04788 0,326 0,004_8 1.12027 1.0975

100 2,191_Z 258.49 5.273 1132,33 0.0%68250 0,04639 0,313 0.00406 1.10994 1.05_9

[11 2.02216 267.60 5.035 %076.86 0,01S5313 0.04530 0.303 0.00536 1.10107 1.0077

110 1.67600 278.76 4.826 1042,46 0,0144547 0.01475 0.297 0.00592 1.09352 0.9632

110 1.75017 291,90 4.637 1022,21 0.0133427 0.04454 0.293 0.0065] 1.00706 0,9238

120 1.64135 306.60 4.462 1010,21 0,0123305 0,04456 0.292 0.00717 1°00150 0.891i

125 1°54670 322,78 4.298 1002,70 0.01145_1 0.04477 0,291 0,00783 1.07667 0.0650

130 1.46352 340.28 4.140 999.01 0,0106732 0.04521 0,291 0.00049 1.07245 0.0439

140 1.32630 378.7_ 3,041 996,10 0,0093703 0.04563 0,29_ 0.009?0 1.065_0 0.0238

100 1.21212 421.51 3,566 996,33 0,0003661 0.04762 O.Zg9 0.0111_ 1.0597_ 0.?969

160 1.11940 _60.12 3.316 997.15 0.0075590 0.05009 0.305 0.0%265 1.05509 0.7762

170 1o04109 518,27 3.093 950.73 0,0060990 0.05267 0.312 0.014I_ 1.05119 0,7636

[60 0,97492 _71.38 2.697 1000.46 0,0063491 0.05593 0.326 0.0%582 %.04706 0.760%

190 0.91730 629.92 2.700 1001.11 0.005060S 0.06008 0,3;% 0,0176& 1°04499 0.7568

200 0.86692 687,45 2,549 1002.06 0,0054674 0.06399 0.355 0.0196_ I.OWZ4? 0.7497

220 0,70220 002,35 2,332 1003.06 0,0048336 0.07102 0.377 0,02341 1.03827 0,7418

240 0.71363 91W.59 2,104 1003.22 0.0043420 0.07694 0.396 0.02714 1,03400 0.73S7

260 0,05712 1020.57 2.089 1002.82 0,0039483 0.08176 0.412 _.0300R %.03208 0,7305

Z80 0,609Z6 1117.99 2,033 1002.05 0.0036250 0.00555 0.426 0.03465 1.02972 0.725_

300 0.56823 1206.84 2,005 1001.07 0.0033541 0,00849 0.438 0,03847 %.0_770 0.7214

320 0,53262 IZ87.53 1.997 999.95 0.0031234 0.090?4 0.450 0.04236 1.0259_ 0.7174

340 0,50110 1361.48 2.003 996.75 0,00292_3 0.09249 0._61 0._63] 1.02_W% 0,7137

360 0,47374 1430,12 2.017 997.51 0.002750_ 0.09388 0._71 0,05030 t.0230S 0.7104

$80 0.44909 1494.69 2.037 996.27 0.002S971 0,09503 0.461 0.0S451 1.02184 0.7073

600 0,42655 1556.94 2.059 995.04 0,0024609 0.09607 0.491 0.05873 1.02076 0.?046

420 0,_0695 1617.57 2,081 993,03 0.0023386 0.09704 0.500 0.06303 1.01970 0.70ZZ

440 0.368_8 1677.53 2.103 992,64 0,0022259 0.09801 0,510 0.06742 1.01889 0.7001

460 0.37221 1737.61 2.123 991,50 0.0021292 0.0990I 0.S19 0.07190 1.01808 0.6982

460 0.3570Z 1797.92 2,142 990.38 0.0020384 0.10006 0.528 0.07647 1.01734 0.6966

500 0°34305 1858.98 2.157 989.31 0,0019553 0.10116 0.537 0.08113 1°01666 0.6952

$20 0.33015 1920.82 2.170 988.28 0,0018709 0.10233 0.547 0.00580 1,01603 0.6939

$40 0,31807 1985.23 2.101 900.02 0.0018060 0.10354 0.556 0.09000 1,01544 0.6925

SGO 0.30699 2040.87 2,190 967.00 0.001Tkll 0.10_84 0.565 0.0957_ 1,01490 0.6916

_00 0.29666 2113.07 2,197 966,03 0o0_16807 0.10617 0,$74 0.10077 %.01439 0,6907

600 0.28702 2178.12 2.202 905o09 0,0016246 0.10756 0.583 0,10590 1.01392 0.6900

6§0 0,265_0 1343,50 2,_10 902*92 0.00%4990 0,11116 0,605 0.11913 1.01207 0.6004

700 0,_4637 2512.16 2,213 980+97 0.0013932 0.11494 0,627 0.%3298 1.01197 0,6874

810 0o21600 1056.70 2,209 977,64 0,0012206 0,12202 0.671 0.16247 1.01050 0,6859

1000 0.17430 $555,42 2,194 972,65 0,0009792 0,13881 0.750 0.22074 1,00844 D,6044

2000 0.00013 7349,58 2.038 961,71 0,00049_0 0.27727 1.161 0.86644 1.00426 0.5472

3100 0.05099 11024o7S 1.836 957,85 0.0003306 0,39301 1.519 1.70410 1,00285 0.5438

4000 0,04432 17113.35 1.645 955.52 0.00024_S 0,52932 1.046 2,8079S 1.00214 0,5340

5000 0.03535 26225,22 1.292 950,24 0.0001999 0,0_154 2.156 _.5405_ 1.00171 0.4636

• TMO-PHOSE eOUMOR¥
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C-2b

I000 P$IA I$3BJR

TENPER&TURE VOLUNE

3EG, R CU FTIL_

28,688 0. Ig89_

30 0.20008

3Z 0.Z0190

34 0.20386

36 0.20596

30 0.20017

_0 0.21052

_Z 0.Z1300

44 0.Z156_

46 0°21845

40 0.22144

50 0.Z2_63

52 0.22004

54 0.23168

56 0.23_59

58 0.23977

60 0.24_Zb

6Z 0.24909

64 0.25_29

66 0.25990

68 0.26593

70 0.Z7746

75 0.Z9109

00 0°31340

85 0.33962

90 0.36969

95 0.40230

100 3.43r14

105 0.47Z98

110 0.50914

115 0.54510

lZO 0.58088

125 0.61515

130 0.65101

140 0.71929

150 0.78580

160 0.8508_

170 0,91_49

180 0.97707

190 1.0307Z

ZOO 1.09390

Z20 1.21783

ZkO 1,33461

Z60 1,44973

Z80 1.56357

300 1.67638

320 1.75835

340 1.8996_

360 2,01036

380 2.12059

kO0 2,23041

_20 7.33989

440 2.4_905

460 2.55796

_60 2.66663

500 2.77510

520 2.88339

5_0 2*ggzez

560 3,10069

580 3.208_4

bOO 3.31608

650 3.58478

700 3.85301

000 4.38868

1000 _.65T03

2000 10.70595

3000 18.11039

4000 21._4221

5000 26.80043

• TN3-PHASE BOUNORY

TH_R_ODfNAHIC PROPERTIES OF PARAHYDROGEN

ISOTHERM [50CHORE INTERNAL ENTHAL_Y ENTROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUNO

;U :T-PSIAILB PSI_/R BTU/LB BTU/Lq BTU/L@-R BTU I LR -R FT/$EC

3682.0! 78.4_73 -131.105 -9_.267 1.2Z_Z8 1.182 1.533 4706

3581.69 r9.0419 -1_9.254 -92.205 1._9454 1.217 1.604 46T8

341_.99 79._386 -126,Z80 -88._93 1.40140 1.263 [.709 66Z7

3256.26 79.3201 -123.125 -85.376 1.50800 1.304 1.809 6576

3106.46 78.8058 -119.801 -81,666 1.61399 1.339 1.904 45Z6

296C.76 77.933h -116.309 -77.762 1.?1953 1.369 1,995 4_Z0

7829.6_ 76.8309 -112.663 -73.680 1.82421 1.397 2,082 4hZO

2677.75 75.587_ -108.&69 -69.420 1.92793 1.421 2.173 4357

7531.CZ ?4.1054 -104.921 -64.991 2.03112 1.443 2.266 429_

2390.24 72.6500 -100.817 -60.366 2.13389 1.462 _.359 _ZZ6

2_54.G4 T0.9898 -96.560 -55.53_ 2.23627 1.679 Z. 453 6162

2116.26 69.2059 -92.147 -50,552 2,33839 1,695 Z,551 4092

1986.32 67.2998 -07.678 -45.1_1 2,64036 1.509 2.651 4021

1_57._3 65.2717 -82.852 -39.951 2.542_6 1,520 2.752 3966

1734.48 63.1410 -77.970 -34.3_5 2.64419 1.531 _.856 3670

1617.39 60.g316 -72.933 -28.533 2.74616 1.540 2.956 3793

1505,05 58.6625 -67.743 -22.512 2,84023 1.568 1.066 3715

1395.12 56.3496 -67.398 -16.272 2.95052 1._55 3.176 3633

1295.76 54.0259 -56.896 -9.810 3,05310 1.561 3.287 3556

1201.45 51.6766 -51.245 -3.120 3.15603 1.566 3.401 3476

111C.63 49.3013 -45._ 3.800 3.25931 1.571 3.520 1395

102Q.13 46,9280 -39.500 10,952 3.36Z97 1.573 ].632 3318

853.09 41.0931 -24.089 Z9.813 3.67312 1.578 ].908 3128

?20.85 35.6386 -8.061 49.972 3.86326 1.566 4.150 2956

630.44 30.?780 8.097 T0,965 4.1378_ 1.607 4.335 2807

577.31 26.6096 24,478 92.096 _.30831 1.622 4.413 2697

55C.86 23.1472 _0._82 114.978 4.62709 1.636 4.405 2622

546.70 20.3008 55.971 136.916 4.85220 1.667 4.316 2576

557.5? 17,9037 ?0.575 158.158 5.05951 1.655 4.178 _S53

577.86 16.1014 84.422 178.701 5.25067 1,667 4.036 2566

603.15 1_.5693 97.610 198,562 5.42725 1.663 3.910 2568

632.13 13.3099 110,Z75 217.837 5.59133 1.704 3.806 ZSS7

662.95 12.2579 122.543 236.638 5.76684 1.731 3.722 2570

695.89 11.368h 134.527 255.0?6 5.88940 1.762 3.657 Z567

763.89 9.9463 157.993 291.106 6,I5712 1.039 3.576 2623

832.42 8.8625 181.255 326.764 6.60260 1.930 3.549 2663

900.70 8.0056 204.?22 362.274 6.63178 2.032 3.556 2703

968.64 7.3111 220.660 397.998 6.84035 2.161 1.593 27_5

1035.53 6.73_2 253.243 434.169 T.05509 2.251 3.6;_ Z787

1101.55 6,2475 279.169 471,517 7.25689 2.378 3.723 2827

116_.95 5.8177 305.302 500.869 7.k_839 2.k01 3.701 2668

1791,60 5.1271 359.950 585.459 7.81332 2.660 3.890 2958

1415.09 4.6030 417.041 664.174 0.15552 2.795 3.981 3055

1536.06 4,1615 475.916 ?44.365 0.67660 2.686 4.036 3155

1655.01 3.8364 535.056 875.367 8.77672 2.933 4.060 32_7

1772.31 3.5431 596.105 906.525 9.05675 Z.940 4.054 3360

1588.2_ 3.2946 656.179 987.333 9.31761 2.93? 4.027 3_63

2003.C3 3.0801 715.693 1067.656 9.56013 2,910 3.986 356_

2116.87 2.8928 774.416 1146,677 9.70662 2.873 3.930 3666

2229.90 Z.7276 832.21R 1224°895 9.99809 Z.830 3.886 3766

234Z.22 2.5809 589.068 1302.000 10.19613 2.787 1.935 3866

7_53.95 2.4496 944.985 1378.269 10.38198 2.745 3.706 3960

2565.15 2.331_ 1000.037 1453.536 10,55709 2.706 3.742 4053

2575.89 2.2243 1054,29_ 1527,958 10.72252 2.672 30702 61_5

2786.2_ Z.1269 1107.851 160t.638 10.67909 2.641 3.667 _234

2896.23 2.0378 1160.793 1674.666 11.02630 2.615 3.637 6320

3005.90 1.9560 1213.207 1747.132 11.17056 2.592 3.611 4605

3119,16 1.8795 1_65.604 1819.797 11.30737 2.573 3.567 4689

3228.06 1.8099 1317.100 1891.264 11.63686 2.557 3.569 4569

333_.73 1.7454 1368.346 1962.461 11.56162 2.544 1,553 _667

344_.21 1.685_ 1419.360 2033._08 11.68196 2.533 3.5_0 4?23

3715.69 1.5524 1545.907 2209.711 11.96_46 2.513 3.516 6908

3985.35 1.4391 1671.649 2385.122 12.22470 2.501 3.501 5064

4522.92 1.2563 1921.867 2734.Z45 12.69128 2.692 3.407 5415

5593.92 1.0026 2420.605 3430.899 13.66800 2.691 3.602 6019

10925.70 0.5001 4969.167 6966,426 15.91116 2.645 3.631 8336

18250.29 0.3333 7755.273 10730.402 17.42712 2.923 3.909 10034

21573.85 0.2500 10841.954 14512°_70 18.79260 3.255 4.750 11_26

26_97.14 O.ZO00 1_491.793 19469.320 20.66276 4.141 5.220 12531
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1000 PSIO ISOBAR

TENPEROTURE DENSITY

3EG. R L8/CU FT

THERHOOYNAMIC PROPEPTIES OF PARAH¥3ROGEN
C 20

#(DH/OV)p V(OP/_U) V -V(OP/DV) F (DV/DT_[V THERMAL VISCOSITY THERHAL OIELECIRIC PRANDTLCONOUCTI_IT¥ OIFFUSIVITY CONSTANT NUHBER

BTU/LB PSIA°CU FT/STU PSIA 1/DEG. _ flTU/FT-HR-R LB/FT-_EC 50 FT/HR

w 28.600 5.0265; 36E.10 13.198 185Z8.Z5

30 ;.99805 363.38 12.999 17901.66

32 ;,95Z86 363.96 1Z.699 16913.09

36 ;.90530 366.31 12.605 15972.91

36 6.055?6 36_.62 12.173 15086.72

30 W.OO30Z 36_.C5 11.060 16222.q;

60 ;.75011 366.15 11.500 13661.08

_Z ;.69365 361.51 11.333 12_77.12

63 ;°63761 358.57 11.090 11737.39

_6 ;.57776 355.3; 10.057 10961.91

68 _.51580 351.79 10,629 10178.97

50 _,k5175 367.6_ 10.390 9;29.98

52 6.385Z5 363.00 10.170 0710.51

5_ ;.316ZT 337.96 9.966 8017.16

56 6.2;;09 33Z.77 9.716 7362.32

58 6.17060 327.63 9.665 6766.67

60 6.093Y2 321.79 9.757 6161.56

67 ;.01655 315.71 9.026 5600.76

66 3.932_0 310.05 8.801 5095.96

66 3.06770 306.27 0.576 6622.03

60 3.76032 _98.15 8.3_7 3176.35

70 3.67030 79_.37 0.126 3?77.2;

75 3.635_1 778.?0 7.578 2930,73

00 3.19080 267.0; 7.061 2300.07

85 2.96651 Z61.60 6.506 1856.32

90 Z.706_6 Z59.12 6.060 1562.67

95 Z.68568 760.57 5.69; 1369.27

100 Z.Z8762 Z65.01 5.388 12_0.83

105 Z.IIWZb _73.90 5.138 1178.05

110 1.96608 Z86.60 6.918 113_.96

115 1.63677 296.95 6.719 1106.35

120 1.72156 311.15 k.536 1000.26

125 1.62297 326.76 _.366 1D75.96

130 1.53608 3;3.06 4.200 1068.96

160 1.390Z6 301.80 3.891 1061.01

150 1.27258 62_.16 3.600 1059.32

160 1.17531 ;70.58 3.351 1056.70

170 1.09351 520.59 3.1Z3 1059.2Z

160 1.0Z3_7 573.51 2.926 1059.85

190 0.96272 631.03 2.7Z9 1060,51

200 0.91000 668.90 2,577 1060.11

220 0.82113 806.58 2.367 1060.57

Z_O 0.7_928 916.93 2.198 1060.30

260 0,68976 1023.05 2.101 1059.55

260 0.639S6 1120.63 2.066 1058.68

300 0.59652 1209.63 2.015 1057.72

320 0.55917 1_9C.h6 2.006 1055.05

3q0 00526_1 1366.56 Z.011 1056,63

360 0.69T62 1_33.28 2.025 1052.98

380 0.67157 1_97.95 Z.06_ t051.5_

_00 0.6_835 1560.28 2.066 1050.13

620 0,_2?37 1620.99 2.088 10_8.75

440 0.40632 1681.@1 2.110 1067.60

_60 0.390_W 17_1.16 2.130 10_6.11

k80 0.37501 1801.53 2.168 106_.05

500 0.36035 1862.63 2.163 1063.65

520 0.3N601 1926.53 2.176 10;2.69

560 0.33613 1989.15 2.186 1062.22

560 0.32251 Z052.82 2.195 1061.08

560 0,311b0 2117.06 2.Z02 1039.98

600 0.30156 2182.13 2.20_ 1038.96

650 0.27896 2367.58 2,215 1036.5Z

700 0.25956 2516.29 2.217 1036.35

000 0022767 2560.93 2,213 1030.66

1000 0.18325 3559.76 2.197 1025.00

2000 0,09271 7356.29 2.060 1012.96

3800 0.06707 118Z9.59 1.837 1000.68

_000 0.0_66_ 17106.96 1.6_7 1006.1_

5000 O.03TZO 26119.06 1.298 1000.67

X 10

0.006233_ 0.05617 1.999 0.0077_ 1.2630_ 1.96_9

0.00_W156 0.05070 1._37 0.00733 1.26Z_7 1.0057

0.00_6_66 0.06188 1.635 0.00731 1.75976 1.6Z05

0.00_9659 0.06;06 1.673 0.0077_ 1._5707 1.657;

0.0052266 0.06598 1.360 0.0071_ 1._5kZ7 1.39Z0

0.005;79; 0.06811 t.ZZ9 0.00711 1,Z5136 1.1961

0.0057161 0.06972 1.136 0.00_05 1.Z603_ 1._217

0.0060123 0.07089 1.057 0.00695 1._521 t.1665

0,006320; 0.07169 0.988 0.0068_ 1.Z;199 1.12;6

0.00663_6 0.07_16 0.970 0.00668 1._3865 1.09_3

0.0069762 0.07733 0.875 0.00_5] 1.Z3519 1.0680

0,00?3389 0.07276 0.827 0.00636 1._3161 1.0509

0.0077263 0.07700 0.70_ 0.00616 1.ZZ790 1.0386

0.0001615 0.07156 0.76_ 0.0060_ 1.27_07 1.0303

0.008576_ 0.07067 0.T08 0.00581 1.22010 1.0296

0.0090330 0.06968 0.675 0.00565 1._159_ 1.0316

0.0095207 0.06860 0.66; 0.0056? 1.21176 1.0356

0.0100611 0.06767 0.615 0.00529 1._0738 1.0675

0,010601? 0.06627 0,500 0.00513 1.20_87 1.0699

0.0111706 0.06502 0.562 0.00697 1.19073 1.0593

0.01100;9 0.063?3 0.538 0.00k0_ 1.19365 1.0706

0.0126739 0.062;1 0.516 0.00_68 1.10056 1.0000

0.01_0715 0.05905 0.665 0.006_0 1.17579 1.1077

0.01569;6 0.05606 0.621 0.00;23 1.16261 1.1133

0.0165801 0.05365 0.386 0.00619 1ol6965 1.1269

0,0170305 0.05111 0.350 0.00;28 1.13682 1.11_7

0.0169068 0.0;916 0.337 0.00669 1.1_570 1.0870

0.0162298 0.06761 0.327 0.00;8_ 1.11;8; 1.0698

0.015_557 0.0;667 0.311 0.00526 1.10587 1.0080

0.0161867 0.0;503 0.30_ 0.00578 1.09806 0.965_

0.0131680 0.06555 0.300 0.00635 1.09137 0.6275

0.0122307 0.06550 0.298 0.00695 1.08559 0.8959

0.0113927 0.06566 0.296 0.00756 1.06056 0.8702

0.010635_ 0.D6593 0.796 0.00018 1.07613 0.8697

0.0093656 0.0663_ 0.298 O. OOq3Z 1.06873 0.8288

0.0083661 0.06027 0.303 0.01069 1.06279 0.8013

0.0075618 0.05069 0.309 0.01Z12 1.05709 0.1798

0.0069023 0.05323 0.315 0.01355 1.05379 0.7665

0.0063560 0.05675 0.327 0.01509 1.05020 0.7632

0.0058910 0.06060 0.363 0.01685 1.06725 0.7605

0.005;879 0.06677 0.356 0.0186_ 1.0666_ 0.7561

0.00;8363 0.07126 0.379 0.02231 1006020 0.7661

0.00_3;12 0.07712 0.39T 0.0Z586 1.0366_ 0.7377

000039665 0.08191 0.613 0.029_1 1.03369 0.7323

0.0036276 0.08568 0.;Z6 0.03390 1.031_1 0.7273

0.0033513 0.08861 0.639 _.0366_ 1.02909 0.7220

0.0031206 0.06085 0.650 0.0;035 1.027_5 0.7106

0.0079711 0.09_59 0.661 0.06613 1.07566 0.7160

0.0027672 0.09396 0.67_ 0.0;798 1.026ZZ 0.7113

0.002_939 0,09513 0.687 0.0519_ 1.02Z95 0.7081

0.002_57T 0.09617 0.691 0.0559_ 1.02181 0.7053

0.0023358 0.09716 0.501 0.06C03 1.97070 0.7028

0.0027759 0.09011 0,510 0.06622 1.01905 0.7006

0.0071263 0.09912 0.520 0.06868 1.01900 0.6987

0.0020356 0.10016 0.579 0.07203 1.01827 0.6970

0.0019526 0.101Z7 0.538 0,07727 1.01750 0.6955

0.0018763 0.10_;; 0.5_? 0.00179 1.01686 0.69;2

0.001003; 0.10365 0.556 0.00666 1.0162_ 0.6928

0,0017385 0.10695 0.565 0.0911_ 1.01565 0.6918

0.0016783 0.10628 0.5T6 0.09598 1.01512 0.6909

0.0016272 0.10767 0.583 0.10086 1.01663 0.6901

0.001_977 0.11170 0.605 0,113_6 1.01353 0.6886

0.0013913 0,11507 0.628 0.11666 1.01_58 0.6875

0.0017160 0.1Z295 0.6TZ 0.15677 1.01106 0.6860

0,0009751 0.13897 0.759 0._1701 1.00887 0.686_

0,0006937 0.Z7727 1.107 0.87363 1.00660 0.5;80

0.0003305 0.39799 1.521 1o6195T 1.00300 0.56_7

0.0007685 0.52071 1.069 Z.66720 1.00225 0.5357

0.0001999 0.83585 2,160 ;.30601 1.00100 0,;856

TMO-PHASE BOUMDRY
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C-Zb

120N oSIA ISOBAR

TEMPERATURE VOLUqE

_EG, _ CU FT/L9

• 29,393 0.197W1

30 0,19791

32 0.19963

3W O.20Lh3

36 0.2033_

38 0.20530

_0 0,2015_

_Z 0,Z0_81

_ 0,21720

66 O.ZlbT_

_8 0.217_1

50 0.2202_

52 0,2212_

$_ O.ZZ6_Z

56 0,Z2980

50 0,23338

60 0,L"_719

62 0.2_12h

6_ O,ZWS55

66 0.25013

68 0.05502

70 0,76077

75 0.71_71

00 0,7915_

85 0.31035

90 0,33761

95 0.356b_

100 0.30251

105 0,00976

110 0,k3?89

115 0,_6645

120 0,69513

125 0.52373

130 0,55719

1_0 0.60060

150 0,66k07

160 0,710_3

170 0,77193

180 0,87655

190 0,076_1

ZOO 0.97?62

770 1o07835

7hO 1.1753Z

760 1,27711

280 1,31?73

300 1.;L74t

320 1.50637

3_0 1._9960

360 1.69733

380 1,78365

_00 1,8765T

4Z0 1.96816

q_O 2,05946

_60 7.15051

_80 7,24135

500 Z,33200

570 7,_?_7

5_0 Z,51330

560 2,60_37

580 2,69637

600 2,78_11

650 3.000_I

T00 3.73220

800 3.67082

1000 k.56_77

7000 9,01123

3000 13,_839

_000 L7.09107

_OOO 27._I_13

• TWO-PHASE BO_NDRY

THERMODyNiMIC PPOPERTIES or PARAHYOROGEN

ISOTHERM ISOCHORE INTERNAL ENTMALP¥ ENTROPY C¥ CP @ELOCITY

OEO IVATIV[ DeRIVaTIVE ENERGY OF $OUNO

CU =T-PSIAIL9 PSIA/P BTUILB BTUILB 8TUILS-R BTU I L8 -R FT/SEC

38W_,5_ 81,513h -130,670 -86.755 1.23075 1,196 1.562 98Z6

3803.80 81,9350 -179.776 -85.?99 1.Z6265 1,211 1o590 6811

365_.7_ 80.2787 -1_6.895 "82,536 1.36772 1.25? 1.673 kTk8

3W93.80 80,3737 -I23.533 -Tg,09k 1.k?203 1.299 1.771 ;698

33;7.C; 80.0W50 -170.b_ -T5._63 1.57578 1,335 1o063 _631

3197.7_ 7_,]918 -117._8_ -71.666 1,67898 1,367 1.952 _600

305_.82 T0._683 -113,771 -61.65h 1.78133 1.395 Z.038 _S_8

2_35,80 77.3537 -110.110 -63,W9_ 1.88_83 1.619 2.117 _50_

2790,00 7h,l_00 -106.370 -59.176 1.9832_ l.kk7 Z.70k _65

265P,Oh lb.?530 -102.393 -5h,677 2.08326 1,661 Z,289 W387

2510.C9 73,2_69 -98.325 -50.016 Z.182_1 1._79 Z. 375 k3Z6

238_.5_ 71.6_5 -94,117 -45,1?0 2._811_ 1._96 7._67 _Z6_

Z756.61 6_.9C86 -89.773 -_0.16_ Z,31938 1.511 _.530 _201

7130._7 68.08_ °85,292 -3_._00 2,k7728 1.573 Z. 638 _13_

2008,81 66,1579 -80.67_ °29.610 2,S7691 1.535 Z°728 _067

1391.27 64.1501 -75,927 -2w,067 Z.67217 1. SkS 2.818 3998

177_,27 67.07_0 -71.0_8 -18,]_ Z,76920 1.553 Z,910 39Z5

186_,16 59.95_7 -66,0_3 -12,_37 7.86602 1.561 3.000 3885

1568.71 57,8059 -60,913 -6,330 2*96263 1.567 3.090 3788

1671.91 55.6901 -55.667 -0.081 3.05910 1,_73 3.183 31[3

1367,05 53,_911 -50,2_0 6.376 3.15360 1.S78 3,27_ 36_

1297._9 _1,3355 -_,006 13.016 3,251?1 1.581 $°363 3_6

1100.79 35,9?7_ -30,656 30.387 3._913_ 1,$86 3.58k 3_07

_61,_; ;0.8h01 -15,988 k8.79_ 3,77807 1.593 3.776 3ZS0

840,98 36.L035 -1.169 67,903 3.96037 1.617 3.9_7 3103

760.17 31.8065 1_.051 87.961 q,1096_ 1.677 _.067 Zg$3

711,17 Z0.71;2 _9.213 108,_60 _,_1179 1,6_1 k°1?_ 28_0

68_.1h 7_.0752 _;.276 129.22Z _,67_37 1,65_ _,129 2821

677,66 22,W172 58.7_0 1_9,?77 W.82k86 1.66_ _.085 E?76

681.66 20.1778 72.118 170.070 5.01376 1.677 _o009 Z?_8

&95,00 18.2929 86,718 109,666 5.18971 1.693 3o92_ 2F32

Tl_.Sk 16.?096 99.266 _09,280 5.35Y0_ 1.716 3.6_Z 27Z6

r38.J? 15.37_1 111.937 228.315 5.51038 1.7_0 3°?73 ZFZ3

763.5; 1_.2301 1Z_,3ZS Z_7,026 Y.63716 1.?71 3._20 2F26

021._0 12.411_ 1_8,580 783.816 5.92983 1.867 3.667 2762

803,_ 11.0105 112,553 320,107 6.18020 1.938 3.620 ZI6S

9_8,9_ 9.9180 196,6q5 356.283 6,q1372 2,039 3,60_ _9_

L013,08 9.0795 721.139 397,668 6.63_28 2.167 3.656 28Z8

1079._6 8.29_8 766.209 329._30 6.0_;0 2,257 3,701 Z86_

11k_.5_ 7.6766 7?2.569 _67,315 7.04913 2.385 3,??6 Z8_8

1708,98 7,1_91 _99,703 50S.326 7.Z4396 2.488 3.835 _938

1336,12 6,7953 33_.$81 583.008 ?,61450 2.661 3.945 3026

1b$6.21 5.6095 _12.263 667.320 1,95900 Z, 80Z _,019 3110

1_78._9 5,0799 671.507 ?_3,1_9 8._8Z63 2.89Z _.068 3_|7

16_7.% _.6503 531.908 82k.716 8.Y8_78 2.939 _,086 330?

181_.11 _,7910 592.300 906.320 8.866_3 2,953 _,076 3_88

t932._6 3._856 652.835 987,551 9.1786_ Z.9_2 _,0_? 3S10

20_8,_3 3.7725 712.598 1060,041 9.37277 Z°91_ _.00_ 3811

Z162.98 3._933 771,537 1167.589 9,59970 Z, 876 3.933 3711

2276,67 3,7916 8_9,537 1726.100 9.81196 2.833 3.900 38_0

2389.61 3,1177 886,56Z 1303._50 10.01068 2.790 3.868 3_$?

_501.91 2,95Z8 937,639 1379.978 10,19711 2.?66 3.?98 _0OZ

2_13._ 7,8091 997.836 1_55,463 10.3?2?3 Z.?09 J.?S2 60gS

7723,87 7.6?90 1057.275 1530,085 10,Y3861 2.67k 3.71Z _106

2835.66 Z*5600 1105,903 1603,9_0 10.69557 2.643 3.676 _ZF4

2946.07 7._528 1_58.95? 1677,1_ 10.6_51_ Z°61? $.6_5 _360

3056.13 ?,3537 1711,475 1T69,766 10.98766 2.59_ 3,619 _6

31ll,_ 2,7608 1266,0_1 18E2.736 11,12k96 2.5?5 3,59_ _SZ8

3780,h0 7,1766 1315,629 109_.$39 11.25_68 7.559 3,573 6608

3389,31 Z.0986 1366.957 1965.65_ 11.37967 7.5_6 3,559 6603

3_98.00 2.0762 1618.051 E036.115 11._0018 Z,533 3•565 _761

3?68.93 1.0656 15_,767 2713,23_ 11.78308 Z.51_ 3. SZO _9_

_038.95 1.?_09 1670,6k9 2388,88? 12.0k362 2.502 3.905 5119

_57?.C3 1.5008 1920.886 2738.3_5 12.51060 E._93 3,_90 _8

5648,59 1,_036 _19.89? 3_35.33_ 13,Z8776 E°691 3._83 60_9

1090C,7_ 0,6001 _969,079 6971._W1 15,73135 2.6h5 J°631 8357

16305.26 0._000 7755.233 107_3.566 17,2_136 2,9_3 3.909 10051

71670.70 0.3000 10038,86k 1_81;.38_ 18,61198 3.7_6 4. E_O 11_hl

06_51,9_ O.?_OL 1_5_,751 lgW3S._?I 70.k?k_ _,071 5,160 IE5S6

F
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l_OO PSIA IS3BAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

TEMPERATURE DENSITY V(OHIDV)p ¥(DPIDU)¥ -V(DPIDV) T

_EG. R LB/CU FT BTU/LB PSIA-CU FTIOTU PSIA

(OV/OI_/V THERMAL
CONDUCTIVITY

C-2b

VISCOSITY THERPAL DIELECTRIC PRANOTL

OIFFUSIVITY CONSTANT NUMBER

1/DEG. R BTUIFT-HR-R LB/FT-$EC SQ FT/HR
X 10 =

2.059 0,00T40 1.26615 1.978_

[.979 0,00743 1,26562 1.0970

1.755 0.00752 1.26296 1,6283

1.577 0.00743 1.26042 1.5392

1.432 0.00736 1.2522? 1.42k9

1.312 0.00?34 1,2550! 1, 3226

1,211 0,00728 1.25216 1.2_33

1.126 0.00T21 1.24922 1.1786

1.052 _.00710 1.24621 1.1321

0.988 0.00697 1.24308 1.0950

0.931 0.00683 1,23902 1.0660

0.881 0,00668 1,23656 1.0452

0.036 0,0065_ 1.23316 1.0206

0.795 0,0063R 1.22965 1.0163

0.758 0,00620 1.22603 1.0116

0.723 0.00602 1.22232 1.0095

0.692 0,00585 1o21851 1,0100

0.662 0°00569 1.21459 1,0110

0,635 0.00554 1.21050 1.0131

0.609 0.00539 1.20647 1,0126

0.505 0.00526 1.20226 1,0221

0,563 0.00513 1.19297 1o0273

0.512 0.00k86 1o10690 1,0422

0.466 0.00467 1.17550 1,0533

0._32 0.00456 1°16402 [,0595

0,401 0.00456 1.15275 1.0552

0,32? 0.00465 1.14198 1,0418

0.358 0°00483 1o13196 1.0220

0.344 0.00510 1,12262 0.9962

0.334 0°00546 1.11463 0.9646

0.32? 0.00588 1.10736 0.9330

0.322 0°00634 1o10093 0.9049

0.319 0.00601 1,0952_ 0.8016

0.312 0.00730 1.09018 0.0627

0.316 0,00821 1.08159 0.8434

0.310 0.00933 1.07460 0.0155

0.322 0.0105_ 1o06882 0.2921

0,320 0.01171 1o0639_ 0.2773

0,336 0,01209 1.05978 0.7742

0,350 0.0143_ 1.0561? 0.7710

0,363 0.01585 1.05301 0,7652

0,384 0.01883 1.04773 O. 7558

0.402 0.02183 1.04356 0.7462

O,_L? 0.02402 1.0_006 0,7392

0.430 0.0278] 1.03711 0.7334

0.442 0.03009 1.03459 0,2201

0.453 0.03_00 1.03241 0.7232

0,464 0.03710 1.03050 0.7188

0.4?4 0°0404? 1.02801 0,71k8

0.48_ 0,04373 1.02231 0,7112

0,494 0,04711 1,02596 0.?080

0.503 0.05056 1.02_?_ o.7052

0,513 0.0%408 1.02363 0.?022

0,522 0.0576? 1.02262 0. T005

0,$31 0.06132 1.02120 0.6986

0.540 0.06506 1.02005 0.6970

0.549 0.06806 1.02007 0.6955

0,558 0.0728t 1.01933 0.6939

0.567 0.07677 1.01866 0.6928

0.576 0.08080 1.01803 0.6918

0.585 0.08491 1.01244 0.6909

0.608 0.09550 1.01614 0,6892

0.630 0.10658 1.01501 0.60?9

0.675 0,13010 1=01318 0.6862

0,762 0, I0319 1.01060 0.6845

1.169 0.68807 1.00532 0.5513

1.531 1,35187 1.00359 0.5483

1,862 2.22212 1,002?0 0.5397

2.I25 3.56006 1.00215 0.4929

29.993 5.065?1 373.76 13.451 19500.67 O.OOklao0 0,05053

30 5.05279 375.25 13,313 19219.04 0.00423?0 0.059?2

32 5.00933 381,70 12.?_9 18312.06 0.00430]? 0.06299

34 4.964_4 382.25 12,463 17345.11 0,0046338 0.06534

36 _.91779 383.00 12.190 t6460,06 0,0048630 0.06?42

30 4.86893 382.80 11.929 15569.01 0.0050991 0.069?2

40 4.B1633 382,30 11,674 14223.95 0.0053293 0.071_?

42 k.76611 302.o_ 11.436 13992.71 0.0055281 0.01220

_k 4.71259 300.56 11.209 131_8.13 _.0057909 0.073?3

40 4.65687 378,16 10.985 12350.20 0.0060528 0.0?433

48 4.59966 375.25 10.766 11523.15 0,0063290 0.07_64

50 4.54051 372.18 10,5k6 10827.22 0,006615? 0,02421

52 4.47955 368.72 10.330 10100.62 0.0069157 0.07459

54 4.41660 36_.65 10,I22 9410,3I 0,0072352 O,O?_Z9

56 4.35161 360.41 9.907 8241.54 0.00?5602 0,07354

58 4.28401 35_,_3 9,692 0103.24 0.0029161 0,07269

60 _.21590 350.86 9.479 ?404.53 0.0082936 0.02175

62 4.14519 346,20 9.266 6918.99 0.0086652 0.07027

64 ;,07247 3_1,k5 9.056 630B._3 0.0090484 0.069?2

66 3.99T86 336.45 8.046 5802,40 0°0094600 0.06863

68 3.92130 331._5 8,644 5419.42 0.0090703 0.06750

20 3.842Y? 326,72 8,449 49B6.6I 0.01029_? 0.06634

TS 3.6_017 314,63 7.965 4036,12 0.0113914 0.06338

30 3.43007 305,03 7,_76 3299,17 0,0123209 0.06045

85 3.21703 298.60 6.962 2231.20 0.0132192 0,05790

90 3.00648 294.57 6.520 2309,35 0°0138026 0.055?0

95 2,80398 293.93 6.13_ 2010,20 0.0140315 0.05376

100 2,61434 296.26 5.?99 1299,05 0.0139301 0,05213

105 2.440_3 301.36 5.520 1653.79 0,0135550 0.05002

110 2.28369 309,32 5.270 1556.70 0°0129619 O.Okq9?

115 2,14306 319.62 5.0_0 1490.15 0,0122759 0.04940

120 2.01965 331.95 _.827 14k3,72 0.0115740 0,04916

125 1,90932 345,91 4.627 1409.44 0.010908? 0,04908

130 1,81097 361.22 4.439 1302.25 0,0102969 0.04917

140 1.6_311 396.77 4.090 1350.42 0.0091904 0.04922

150 1.50590 k37.20 3,275 1330.51 0.008Z799 0.05087

160 1,39193 482,71 3,k94 1320,92 0.0075084 0,05309

1T0 1,29545 531.74 3.246 1313.43 0.0068747 0,055_5

180 1.21279 584.17 3,030 1309.15 0.0063360 0o05204

190 1.14101 642.36 2.821 1305.9_ 0.0050782 0.06176

200 1,07803 699.09 2.666 1303,31 0.0054853 0.06551

220 0.9?243 814.21 2.427 1299.29 0,0048452 0,07224

240 0.88863 927.02 2.253 1294.04 0,0043349 0.02294

260 0.81826 1033.98 2.147 1291,29 0.00393_0 0.08260

280 0.?5080 1132.05 2.085 1280,54 0,0036090 0,08628

300 0.20001 1221.54 2,052 1205.03 0.00333?2 0.08915

320 0,66387 1302.82 2.041 1203.12 0.0031061 0.09134

340 0,62516 1377.31 2.043 1280.59 0.0029069 0.09306

360 0.59009 1_46,42 2.055 1276.10 0.0022332 0,094_2

360 0.56003 1511.40 2.073 1225,70 0.0025802 0,09556

_00 0.53209 1574.02 2.094 1273,40 0.00244_4 0.09659

420 0.50809 1634.99 2.115 1271.19 0.0023229 0.09256

440 0.48556 1695.24 2.136 1269,09 0,0022135 0.09053

460 0.46501 1755.60 2.154 1267.08 0.0021143 0.09953

400 0.44616 1816.17 2.121 1265,16 0,00202_1 0*10058

500 0*42002 1877.46 2*1B6 2263.32 0.0019415 0.10169

520 0.41280 1939,53 2.198 1261.52 0.0018657 0.10286

540 0.397?3 2005.03 2,20? 1261.2B 0.0012925 0.10k08

560 0,38397 206B.82 2,215 1259.52 0.0017281 0.10538

580 0.37115 2133,12 2,221 1257,94 0.0016683 0.10623

600 0.35912 2190.35 2.226 1256.39 0.0016127 0,10012

650 0.33240 236_.03 2.232 2252.80 0,0014B91 0.11125

700 0.30939 2532.94 2.233 1249,60 0,0013036 0.11556

800 0,27103 2572.91 2*22? 1244,16 0.001212? 0.12349

1000 0,21883 35?7.20 2.208 1236,08 0.0009?3? 0.13964

2000 0,11092 2323.11 2.045 1218,57 0.0004925 0.2??2?

3000 0.07_36 118_9.06 1,040 1212,43 0.0003299 0.39295

4000 G,05589 12088.99 1.653 1208.91 0,0002401 0,52667

5000 0,044_1 25?66.64 1,321 1202.42 0,0001996 0.81626

Td3-P_ASE OOUNORY
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1_00 PSIA ZSDBAU

TEMPERATURE VDLUNE

)EG. R CU FTtLB

30.083 0,19599

32 0.19756

36 0,19921

36 0.20099

38 0.20287

60 0.20_86

62 0.20695

_; 0.20_15

_6 0.21L_6

68 0.21388

50 0,216_k

52 0.21913

56 0.22196

55 0,22495

58 O.ZZ81L

60 0.231_3

62 0.23_9_

66 0.23865

66 0.Z_255

68 0.?_567

70 0.25101

75 0.26297

00 0.Z?_55

85 0.2918_

90 0.30087

95 0.32757

100 0.3;?76

105 0.]6520

110 0o39161

115 0._1;?0

120 0._3020

175 0,_6189

130 0,68561

160 0.53296

150 0.57596

160 0,626_0

170 0.67225

180 0.717_9

190 0.76219

200 0.80633

220 0,893ZZ

Z;O 0.97053

260 1.06018

280 1°1_68

300 1,22633

320 1.30527

3_0 1.38563

360 1,_6550

360 1.5_695

600 1.62605

620 1.70283

660 1.70135

;60 1o05963

600 1.93771

500 2.01560

520 Z.09336

560 _.17?53

560 2.Z_957

560 2.32720

600 Z.;0633

650 2.59678

700 Z.70680

600 3.17193

1000 3.9359_

?000 7.76368

3000 11.5666k

k000 15.35665

5000 19.226W9

w TWO-PHASE OOUNDRY

TPERMODYNAHIC PROPERTIES OF PARAHY_ROGEN

ISOTHERM ISOCMORE INTERNAL ENTHALPY ENTROPY CY CP VELOCITY

DERIVATIVE OFRIV_TIVE ENERGY OF SOUNO

CU cT-P_IAILB PSI_/R BTUILB BTUILB 8TU/LB-R OTU / LO -R FTISEC

6021.09 82,3008 -130,000 -79.278 1.23616 1.210 1o570 6917

3881.0_ 82.0930 -127.397 -76.18_ 1.33633 1o252 1.656 _073

3732.00 81.3356 -126,665 -?Z,O05 1.63800 1o256 1o737 6017

3502,0_ 61.1919 -I21,367 -69.Z_2 1,56062 1.331 1°827 ;772

3_3_,10 00.6932 -118.095 -65.503 1,6_169 1.36_ 1.913 6?Zk

3780.21 79.9203 -116.?00 -61.593 1.76198 1.393 1.997 6673

3168.90 78.9511 -111.167 -57.516 1.86162 1.610 Z°077 66Z3

3036.70 77.0036 -107.506 -53.265 1.93983 1.;;1 Z.151 6583

Z_00.68 76.5809 -103.716 -60.096 2.03737 1.66L Z.231 _530

2766.56 75,23hl -99.806 -;6.3_6 ?,1339? 1.679 2.311 _675

263_.90 73,7606 -95,76; -39.65_ Z.22992 1,697 Z. 392 6_17

2508.t7 72.10k7 -91.598 -36.791 2.32129 1,512 2.673 _359

2387,05 70.5158 -87.308 -29.766 Z.62011 1.525 2.552 _$00

Z_65.3_ 68.76Z8 -82._99 -26.501 Z.5163_ 1.530 Z,633 6239

2150.53 66.9296 -70.372 -lq.236 2.60016 1.569 2.713 _176

2038.06 65.0239 -73.730 -13,733 2.?0165 1.558 Z.792 6116

1931.20 63.0619 -66.971 -8,070 Z*79629 1.566 Z.671 _050

1029.65 6_.0663 -6k.117 -2.251 Z.80667 1o573 2.969 3986

1732.36 59.06?3 -59.156 3.7Z5 Z.97060 1.580 3o0Z7 $gZl

1660.39 57.0205 -56.0_1 9.056 3.07011 1.505 3.106 3697

1551.20 55,0059 -_8.935 16.138 3.16117 1.509 3o102 3796

1358,_3 50.0153 -35.660 32.513 3.38706 1,59_ 3.363 3663

1197,k5 65.1663 -21.931 _q. T6Z 3.60966 1,601 3._31 _90

1069.92 60.595_ -0.066 67.593 3.02550 1,620 3.685 3358

97[.17 3b._197 6.261 86.333 _.03987 1.63_ 3.806 3237

099.57 32.6721 70.662 105.502 _.24001 1.660 $.088 3136

051.08 Z9.3772 35.101 125.256 ;,_6906 1.662 3.933 $059

_Z?.Zk 26,5090 ;9.225 166.936 6.66190 1.673 3.936 2995

808,1_ Z_.03_0 63.065 16W,586 6.82_73 1,686 3.919 2950

007.68 21.9000 76.580 1&;.007 6.99012 1.703 3.870 2919

915.90 Z0.0631 09.76? 203.367 5.16223 1.TZ6 3.029 2897

030.90 18._83T tOZ.652 22_.39_ 5,31756 1.750 3.701 2886

550.57 17.1226 115.Z_6 ?_1.175 5.;6_93 1.761 3.737 2676

097.07 1_.9160 lk0.060 270.225 5.73950 1.855 3.601 2872

951.29 13.2102 16_.561 3|_.91? 5.99262 1.9_5 3.661 2880

1009._8 11,8766 189.151 351.539 6.Z2900 Z. 0_6 3°670 2896

1069.90 10.7903 216.103 300.377 6,65213 2.156 3.702 _919

113Z,91 9.093_ 239.592 625.596 6.6650_ Z,263 3.766 Z9_7

IL95.Z_ 9.1_01 266.333 ;63.925 6.87210 2.391 3.019 2976

1250.63 0.h991 293.313 502.3h7 ?,06913 Z. 693 3.0?6 $010

138k.0% 7.6626 3;9.296 980,057 7.6632Z Z,673 3.981 3090

1500.53 6.660; _07.587 661,262 ?.T9270 z. 80e ;.060 3178

1623.12 6.0367 667.393 7;Z.236 0.11710 Z. 090 ;,11Z 3266

1763._0 5._775 5Z8.119 _26.350 0.;2136 2.9_k _.109 3358

186_.19 5,0_02 505.997 906.395 6,70;51 Z,950 _.097 3_57

1979.51 _,6867 669,619 _68.001 8.96796 Z.9_6 ;.065 3557

2095.62 _.3712 709.615 1068,030 9.21262 2,918 _.020 3657

ZZ10.70 _.0991 768.762 11;0.602 9.6w091 2,000 3.968 3757

232_.09 3.060% 826.9_9 12_7._66 9.65391 Z.037 3.913 3855

Z630,30 3.6686 086.162 1305,163 9.05326 2.793 3.060 3951

2551.06 3.;59h 9_D.370 1301.016 10.0_025 2.751 3°809 60_5

2663.18 3,2896 995.?06 1657.506 10.2163_ 2.71Z 3.762 _137

277_.01 3.1362 1050.Z21 1532.316 10.30263 2.677 3.7Z1 6ZZ?

2885.96 Z.9969 110;.016 1606.392 10.53996 2.666 3°685 _315

2996.71 Z.0697 1157.178 1679.70? 10,60906 Z, 619 ].683 h_OO

3107.09 Z,7531 1209.795 1752._77 10.03260 Z.597 3.626 ;_83

3226.26 Z.6636 1_62.576 1025,761 10.97066 Z.577 3.601 6568

3333.59 Z.56_6 131q.202 1097,659 11.10038 2.561 3.581 66_7

366_.68 Z._530 1365.613 1960.9Z1 1t.Z2557 Z,560 3.566 6?Zq

3551.53 2.36?8 1616.702 _060.086 11.3662_ 2.536 3.550 ;799

3522.79 Z,1796 15_3.666 Z216,059 11.6295_ Z,516 $°SZk _961

k093,06 2,0193 1659.683 ?392.69_ 11.89035 2.50; 3.508 5156

6631.51 1.7615 1920,130 276Z._29 1Z.35773 2. kgk 3, k92 5682

5703._Z 1.k067 2619.;16 363_.700 13,13531 Z.;�Z 3.605 60?8

11035.61 0,7001 6969.018 6976.653 15.57933 Z. 665 3.631 83?6

16359.03 0._666 7755.226 10766,652 17.09537 2,923 3.909 10068

21683.09 0.3500 10836.695 16017.013 10.6593W 3.239 6.233 11_50

Z?006.15 0.2800 1_25.99_ 19610.308 20.31580 k.017 5.062 12570
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1400 P$IA ISOOAR

THERMODYNAMIC PROPERTIES OP PARAHYOROGEN

TEMPERATURE DENSITY V(DH/DV)p @(DP/OU) V "V(OP/OV) T

3(G. R LBICU FI 8IUILE P$1A-CU FTIflTU P$IA

• 30.083 S.10210 391._0 13.335 ?05i6.31

3Z 5.06Z29 395.03 12,940 19647.17

34 5.01904 600.02 12.523 1873_.45

36 k.97543 _01,0_ 12.257 17826.17

30 _,92931 401.32 12.002 16927.73

40 4.08146 k01,02 11.755 16051.Z9

4Z 4.03202 k00.3_ 11.523 15215.55

4_ 4.78123 401.44 11.295 14519.54

46 4,726Y5 399.E1 11.006 15717,19

48 4,6754_ 397.37 10.077 12936.00

50 4,62032 394.06 10.665 12174.09

52 W.56360 392.11 10.459 11_46.28

54 4.505ZS 389.05 10.261 10749.94

56 4.44533 305.60 10.060 10070.39

58 4,30385 $82.11 5.859 9427.70

60 4.32090 378.17 9.660 0806.24

62 4,25635 37_.26 9.459 8219.86

64 4.1903Z 3 70.22 9.262 7665.99

66 4.12286 366.15 9.065 7162.22

60 4.05401 361.98 8,873 6650.15

70 3.98303 357,k_ 8.692 61?q.11

?S 3,00275 347.32 8.250 5165.77

80 3.61602 330.54 7.001 6330,01

80 3.42654 332.80 7.312 3666.12

90 3.23763 328,56 6.802 3144.14

95 3.052?8 326.79 6.494 2746.17

100 2.87553 327.61 6.148 2447.29

105 2.70809 330.90 5.851 2220.46

110 2.55359 336.49 5.582 2063.65

115 2.41139 344.87 5,332 1947.62

lZ0 Z.28286 355.40 5.098 1862.11

12§ 2,16504 367,95 4,870 1798.92

130 2,05925 382.3I 4,670 1751.54

140 1,87632 415.43 4.205 1683,1q

IS0 1,72425 454.30 3.941 1640.Z6

160 1,59664 498.06 3,636 1611.56

170 1,48755 546.02 3.360 1591.65

180 1,39375 597,79 3.137 1579,00

190 1,31201 655.25 2.914 1568.17

Z|| 1.24019 711.68 2.748 1560,70

220 1.119S4 826.55 2.494 1549.46

240 1.02104 539.69 2.321 1541.63

Z60 0.94324 1043.22 2.200 1530.90

Z80 0.87513 1144.69 2,126 1525.78

300 0.81677 1234,52 2.090 1520.99

320 0.76612 1316.12 2,075 1516,54

360 0,72169 1390*90 2.076 1512.39

360 0.68236 1660.27 2.086 1508*49

360 0.64727 15Z5.49 2.102 1504.83

400 0.615?5 1_88.31 2.121 1501.37

420 0.58726 1649.47 2,141 1498.12

440 0*56137 1709,90 2.161 1495,04

460 0.537?4 1770.42 2.179 1492,13

480 0.51687 1831.14 2.195 1489.37

900 0.49613 1892,59 2.200 1486.75

520 0,47771 1954.80 2.220 1464.27

540 0.46027 2021.23 2.228 1484.03

560 0,44445 2085.12 2.235 1481,62

$80 0,429T0 2149,55 2,241 1479.32

600 0.41092 2214,02 2,245 1477.14

651 0,30509 2380.69 2.249 1472.13

700 0.35858 2549.77 2,249 1667.68

800 0.31527 2095.03 2,240 1460.19

1000 0.25407 3594.?0 Z*210 1449.04

ZOO0 0.12914 7391.60 2,050 1425.15

3000 0.00650 11868.64 1.843 1416.82

4000 0.06513 17075,76 1.659 1412.17

SO00 0.05201 25497.72 1.340 1404,63

• TWO-PHASE 80UHORY

" ? "_r%+_ r

• ..+ ! .+

(O¥/OT_V THERMAL
CONOUCTIVITY

I/DEG. R BTU/FT-HR-R LB/FT-SEC
X tO _

0.0040119 0.06076 2.115

0.0041784 0.06_05 1.880

0.0043415 0.06656 1.686

0.0045546 0,06078 1.528

0,004766_ 0.07123 1.397

0,0049796 0.07313 1.200

0,0051800 0.07457 1,195

0.00535R5 0,07563 1,116

0.0055834 0.07635 1,048

0.00_0166 0,07678 0,988

0.0060588 0.07698 0.934

0.006306_ 0.07697 0,887

0.0065_96 0.07679 0.844

0.0068202 0,07615 0.805

0.0070993 0,075_0 0.770

0.007303_ 0,07457 0.737

0.0076719 0.07310 0.707

0.0079656 0.07277 0.679

0.0082674 0.07179 0.653

0.0085743 0.07077 0.629

0.0009010 0.06974 0.606

0,0096621 0.06705 0.554

0.0t04310 0.06437 0,510

0,0110731 0.06281 0.473

0.0115810 0.05961 0.441

0.0118973 0.0S772 0,415

0.0120039 0.05606 0.393

0,0110960 0.0S469 0,]76

0.0116468 0.05373 0.363

0.0112445 0.05307 0.353

0,010774_ 0.05263 0,346

0.0102749 0.05237 0.341

0,0097756 0,05229 0.337

0.0088618 0,05205 0.334

0.0080586 0.05345 0.334

0,0073696 0.05548 0.336

0.0067793 0,05768 0.340

0.0062656 0,05953 0,346

0.0058285 0,06332 0.3_9

0,0054457 0.06690 0,371

0.00_8163 0.07340 0,391

0.0043E04 0.07890 0.408

0,0039417 0.08342 0.422

0,0035900 0.08699 0,435

0.0033190 0.08977 0.446

0.0030887 0.09191 0.457

0.0028903 0,09358 0.467

0.002?174 0.09492 0,477

0.0025651 0.09604 0,487

0.002_300 0.09705 0.496

0,0023092 0.09802 0.506

0.002Z004 0.09898 0,515

0.0021018 0.09996 0.524

0.0020122 0.10102 0,533

0.0019302 0,10213 0.542

0.0018549 0,10330 0.551

0.0017814 0.10452 0,560

0.0017175 0.10583 0.570

0,0016582 0.10718 0,579

0.0016030 0.10857 0,588

0.001480_ 0.11222 0.610

0.0013758 0.11605 0.633

0.0012064 0.12404 0.677

0.0009694 0.14029 0.766

0.0004913 0.27727 1.176

0.0003293 0.39291 1.54I

0.0002_70 0.52506 1.075

0.0001993 0.80192 2.190

C-2b

VISCOSITY TMERMAL DIELECTRIC PRANDTL

OIFFUSI¥1TY CONSTANT NUMBER

SQ FIIHR

3.0075_ 1.26823 1.9600

0.00765 1.26596 1.7_76

0.00763 1.26355 1.5034

0.00757 1.26103 1.4606

0.00755 1.2584Z 1.3509

0.00750 1.25572 1.2662

0.007_3 1.25293 1.1969

0.00735 1.25007 1.1430

0.0072k 1.24713 1.1021

0.0071I 1.24412 1.0702

0.00696 1.24103 1.0456

0.00682 1.23785 1.0257

0.00668 1.23459 1.0098

0. 00651 1.23125 1,0023

0.0063_ 1.22703 0.9969

0.006t_ 1,22_32 0,9936

0.00603 1.22074 0,9916

_.00589 1.21708 0,9907

0,00575 1.2133b 0.9912

0.00562 1.20956 0, 9924

0.00550 1.20S70 0.9950

0.00524 1.19577 1,0010

0.0050_ 1.18550 1.0078

0.00489 1.17531 1, 01k5

0.00484 1.16513 1,0134

0.00466 1.15522 1.0055

0.00496 1.14578 0,9930

0.00513 1.13694 0.975_

0.0053? 1.17876 0.9538

0.00568 1.12130 0.9293

0.00602 1,11455 0.9063

0.00640 1.10846 0.0855

0,00679 1.10297 0.0677

0.00753 1.09354 0.8902

0.00847 1.08573 O* 6235

9.00947 1.07920 O.800q

0.01047 1.07367 0.7058

O, 01140 1.06091 0.7831

0.01264 1.06470 0,7801

0.01392 1.06116 0.7741

0.01647 1.05509 0,?642

0*01902 1*05020 0,7555

0.02151 1.04620 0.7490

0.02419 1.04288 0.7353

0.02682 1.03998 0.7332

0.02951 1.03767 0.7277

0.03225 1.03527 0.7227

0.03506 1.03333 0.7182

0.03792 1.03159 0.7142

0.0408_ 1,03004 0,7106

0.04382 1.02863 0.707_

0.04686 1.02736 0.7047

0.04996 1.02620 0.7023

0,05313 1.02513 0.7002

0.05635 1.02415 0.6q04

0.0596_ 1,02325 0.6968

0.06307 1.02239 0.6950

0.06649 1.02162 0.6938

:.06998 1.02089 0.6927

0.07353 1.02022 0.6917

0.08268 1.01871 0.6897

0.09226 1.01741 0.6863

0.11265 1.01530 0.6665

0.15047 1.01232 0.6846

0.59124 1,00625 0.5546

1.16067 1.00419 0.5520

1.90403 1.00315 0.5441

3,03385 1,00251 0,4996
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C-2b

IBO0 DSIA IS]BAR

TEMPERATURE @OLU_E

)EG, R 3U FT/LB

" 30.757 0.19465

32 0.19560

3; 0,19r15

36 0.19883

38 0.Z0053

40 0.20242

42 0,20436

44 0.20640

46 0.20552

48 0.21076

50 0.21309

52 0.21553

54 0.21810

56 0.22079

50 0.22362

60 0.22555

62 0.2Z9&R

64 0.23Z95

66 0.23637

68 0.23995

70 0.24370

75 0.25390

80 0.26533

85 0.27804

90 0.29202

95 0.30726

100 0.32369

105 0.34L17

110 0.35551

115 0,37857

I20 0.39816

125 0.41800

130 0.43823

140 0.4T572

150 0.51911

160 0.55_31

170 0.59919

180 0.63869

190 0.67770

ZOO 0.71647

220 0.79279

240 0.86r81

260 0.94160

280 1.01445

300 1.00364

3Z0 1.15480

340 1.22543

360 1.Z9560

380 1.36538

400 %.43483

420 1,50399

440 1.51290

460 1.64158

400 1.71008

500 1.77840

520 1.84_56

540 1.91847

560 1.98426

S80 2.05t94

600 Z.11952

650 2.28011

700 2.45630

800 2.79178

1000 3.46063

_000 6.79258

3000 10.12058

bOOO 13.4519_

5000 16.83619

YW3-PHASE 80_MOR¥

THFWMOOYNAHIC PROOrP'T_ OF P_PAHY_ROGFN

I50IH[PM TSOCMORE ZNTERNAL ENT_ALPY ENTROPY CV CP VELOCITf

DERIVATIVE DERIVATIVE FNEPGY OF $OUNO

CU ¢T-PSIA/_3 PSIAIR IITUILB I]TU/LR BTUILB-R BTU I LB -R FTISEC

4188.]D 83.10_1 -1_9.5_0 -71,84_ 1.2W317 I,Z_2 [.518 5005

4099.93 8].01_9 -197.807 -69,55W 1.30672 1.2_9 1.631 4979

3958,13 82.7525 -124,932 -66.510 1.40809 1.290 1.7t4 4935

3008,93 82.2369 -121.924 -63.016 1.50792 t,J?T 1.795 _805

$666.24 81.9C10 -11_.?70 -Sq.34h 1.60718 1.361 1.879 4843

3521.82 51.2735 -115._75 -55.506 1.70562 1.391 1,960 4795

3377.83 90,4176 -112,05_ -51.507 1.8031_ 1.h16 Z,038 4745

3_41.46 79.3887 -108,505 -47.]54 t.09975 1.440 Z.115 4096

3127.14 T_.2169 -t04,838 -43.057 1.99526 1.461 Z. 185 4656

300_oG2 76.9040 -101,052 -35.610 Z.08959 1.480 ZOZ58 4610

28T_.75 T5.6563 -97.151 -34.019 Z,10359 1.498 2.334 4550

Z?49.24 74.212_ -93.134 -29,277 2.27657 1.514 Z.410 4503

2626.50 72.6727 -_9.003 -Z_.305 Z.36858 1.527 Z.484 4448

2509,75 71.0519 -S_.761 -19.346 2.46051 1,540 Z.557 4393

2398,36 69,3598 -80.hll -lk.155 2.55154 1.552 2.629 4339

2287.86 67.6029 -75,957 -5.526 Z.6419Z 1.562 2.701 4282

2182,05 65.7865 -7t.;04 -3.352 2.P3166 1.571 Z.772 4_24

2079.54 63.9235 -66.755 2.264 2.82000 1.579 Z.042 4165

1901.93 62.0302 -6_.0t2 8.018 Z.90934 1.586 2.911 4106

t888.64 60.12_ -57.182 I3.910 2.99727 1.592 Z.979 404T

1_99.95 58.2112 -52.270 19.934 3.08458 1.595 3.045 3989

1595.42 53._789 -39.659 35.566 3.30024 1.602 3.207 3846

lk27.06 48.8690 -26,628 51,984 3.51211 1.610 3.355 3712

1_89.05 44,467_ -13.471 68._05 3.71710 1.629 3.496 3579

1177.46 40.364_ 0,164 86.682 3.92030 1.643 1.6tO 3462

1089.61 36.6102 13.931 104.965 4.11798 1.657 3.701 3358

1026.41 33.249_ 27.839 123.741 4.31062 1.670 3,760 3272

981.49 30.2599 _1.556 142.635 4.49498 1.682 3.793 3202

953.32 27.6_20 55.115 161.630 4.67171 1.696 3.803 3147

936.18 25.3061 68.480 180.643 4.84079 1.713 3.801 3102

931,91 23.2816 81.633 199.597 5.00209 1.735 3. T83 3069

938.19 21,5007 94.5?6 215.44_ 5.15597 1.760 3.755 304_

349.5_ 19.9602 107.332 23T.168 5.30284 1.791 3.730 3027

985.56 17.4088 13_.436 274.270 5.57791 1.864 3.691 3007

1030.79 15.4229 157._94 311.095 5.83188 1.953 30681 3000

1081.70 13.8525 1_2.255 347.966 6.06983 _.053 3.697 3004

1136,71 12.5740 207.568 385.094 6._9490 Z. 160 3.732 3016

1194.61 11.5156 _33.402 422.630 6.50944 Z.269 3.779 3036

1_54.59 10.628_ 760.45_ 461.274 6.?1828 Z.397 3.852 3056

131_.70 9.8710 287.744 500,01? 6,91687 Z.499 3.907 3087

1638.31 0.6465 344.26q 579.154 7.29395 _.679 40010 3136

1560.76 ?.T056 403.029 660.141 7.64609 _.814 4.087 32_1

1_81.90 6.9539 463.316 742.290 7.97490 _.904 4.131 33Z9

180t.98 6.3411 5_4._58 525.01_ 8.28141 2.950 _.141 34Z3

1_10.3_ 5.8304 585.634 906.691 0.56339 2.963 4.127 3511

2027.95 5.3893 646,524 988.669 8.82807 2.951 4.082 3605

214_.42 5.0255 706.74_ 1069,800 9,07368 _.922 _.035 3704

2Z59.89 _,7096 766.086 1149.943 9.30279 _.804 3.982 3802

2374.40 4.4325 824._50 1228.952 9.51647 2.840 3.926 3899

2488.16 4.1874 881,803 1306.910 9.71642 2,796 3.871 3995

2_01.23 3.9689 938,176 1553,774 9.90392 2.75_ 3.819 4088

2713.70 3.77Z7 993.644 1459.65r 10.08046 2.715 3.772 4179

2825.63 3.5956 1048.2_1 1534.645 I0,24715 Z.E&O 3.730 4269

2937,07 3.4349 1102.158 1608.844 10.40482 Z.649 3.693 4356

3048.09 3.2983 1155,493 1602.350 10.55501 2.622 3.660 4k40

3158.72 3.1540 1208.166 1755.260 10.69812 2.599 3.633 4523

3278.10 3.0276 1261.05_ 1828.560 10.83635 2.580 3.607 4608

3387.58 Z.9136 1312.519 1900.709 10.96651 2.56_ $._87 4686

3496.79 2.808_ 1364.313 1972.251 11.09189 2.550 3.570 4762

3505.75 Z.7103 1_15.554 2043.517 11.21276 Z.535 3°555 4637

3577.23 2.4938 154Z.598 Z220.511 11.49638 Z.518 3,528 5017

4147.67 2.3100 1668.751 2396,_93 11.75747 2.505 3.511 5190

4686.33 Z.0144 1919.406 2746.545 12.2Z522 2.495 3.495 5315

5758.39 1.6058 2_18.956 3444.260 13.00320 2.493 3.486 6108

11090.19 0.0001 4968.976 6981.460 15.44763 2.645 3.632 8399

16414.C1 0,5332 7755.246 10753.736 16.96371 2.92] 3.909 10084

23737.0l 0.3999 t0536.610 14520.123 18.32715 ].23] _.226 11474

2_059.90 0.3199 14402.849 19391.015 20.17879 ).gl_ 5.033 12599

r
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1600 PSI4 IS3BAR

TEMPERATURE DENSITY V(DH/n_!: V(P_I_!_). -v(_l(_'_!V)

3EG. R LBICU FT BrUIL_ PSI_-CU FTI{,T!! _]TI

30.75? 5.13T32 h08._6 13.236 71515,64

32 5.11241 411.70 12._6 _0960,$0

34 5,071_6 _1S,70 12-_? ?007?.68

36 5.02951 W18.12 IZ.3Z2 19157.06

38 4.985_5 419,Zb 1Z._73 1_7_,61

40 _,94022 419,53 t1._71 1 ?3_P'=_

_2 _.89331 _18,_2 11.6_ 16_78.7S

_W W,84502 _18.32 11.381 1570_,._

_6 _,7q$59 _10,96 11.167 1499_,51

_8 _,744&1 41F.24 10.9E6 1_Z58.2S

50 W.69Zg_ _t6,49 10.76_ l_OC.u_

52 4.63971 41_.18 I0._? 1275_.67

5_ _.58509 _11._ I_.377 1_6h_,72

56 4.5291_ 409.10 10.185 11_6_,_9

58 _.h71_6 40_,_6 q.394 )073_,17

6_ _.35355 _00.3_ 9,619 9499.86

6k _,2927h 396, _ _._33 _92(,.ql

66 _.230_8 392.56 9.246 _.sq

6B ko16T52 390.C1 9.[:64 7_7_.92

70 4,10333 30_.30 8._oF 738_.7q

75 3.93653 37_.0_ 8,_7c 62&3.6C

80 3.760_ 369._0 8_O_h 537_.37

85 3.59665 364,_8 7.5_8 4636.?T

90 3.WZWWZ ]60.60 1.173 W032.1_

95 3,_W_5 _58.3_ 6./91 3546._0

100 3.00937 358.60 6._3 3170.9_

105 2.93113 360.60 6.1_ 2076,87

110 _,7015k 36_.0h 5._7 _E51.70

11_ Z.641W9 ]71.4! 5.593 247_.9_

120 2.51150 380.36 5.34_ _3_0.56

125 Z.391_5 391.80 _.!08 22_4.01

130 2.28193 h04.9_ _.885 2166.7_

140 _.088)0 _3_,50 h._?l 2058.74

150 1.92636 473.82 4.101 1985.68

160 1.78791 51_.21 3.72T 1933,99

170 1.66892 563.08 3.488 1897.07

180 1.565_1 61_.7_ 3.241 1070._!

190 1,W75W1 &70.03 3.006 1551.0_

Z00 1.39573 T2_.88 2.830 1836,36

2_0 1.26136 841.25 2.560 181_.23

Z_O 1.15233 95_.00 2.376 1798.51

260 1.06ZOZ 1061.07 2.2_5 t_86,27

280 0.985T6 1159.88 _,181 1776.31

300 0,BZ_Z 1_4_.08 2.135 1_62._8

320 0.86595 1330.22 Z.10_ !756,10

3_0 0.01604 1405.20 2.108 17h9.93

360 0.7718_ 1_7_.7_ _.116 ]744.25

300 0.73239 15_0.11 2.13l 1739.00

_00 0.696_5 1603.0_ 2.I_9 1T34,11

_20 0,66_90 1664.36 2.167 1729._

_k0 0.63577 172_.ql 2.186 1725._q

k60 0,60917 1?8_._6 2.203 1721.20

kBO 0.58_? 10_6.h0 2.218 1717.51

500 0.56230 1907._ 2.231 1713.q5

520 0,5415_ 1370,29 2,_41 171U._0

540 0.52179 Z037.7_ 2.2k9 1216.48

560 0.503_? 2101.68 2.2_5 1707.23

560 0.4871_ 2166.18 2.260 t70h.lh

600 0.47181 2231.51 2._63 1701.21

650 O.k3TO_ 2397.54 2.266 169W.51

700 0.40712 256(.7_ 2.265 1688._9

000 0.35019 2_12.26 2.25_ 1670,_2

100_ 0.28096 3512.26 2.22q 1663.97

ZOO0 0.147Z_ 7W10.61 Z.O_ 1612.6_

3000 0.09001 11888.27 1.846 16ZI.85

_000 0.07_3_ 1_026.39 1.664 161_.90

5000 0.059_0 25785._6 1.30_ !607.25

• TWO-PHASE BOUNDRY

C-2b

(_j, DT)I_ TH_PMAL VTSCOSIIY THERMAL DIELECTRIC PRONDTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

[I_FG. _ BIUIFT-HR-R L@IFT-$[C SQ FTIHR
X 10'

0.003_62_ 0.06?90 2.122 0.00726 1._7022 1.9613

3.0_30605 0.06506 2,011 0.007_0 1.26001 1.81_

0.00_1226 0.067?0 1.797 0.0077_ 1.266_? 1.6326

0.00_?92_ 0.0700_ 1.626 0.00776 1.26_10 1,_99_

0,00_7 0.3?767 ]._0_ 0.00T76 1.26161 1.3817

_,3'1462_ 0.07_30 1.367 0.00772 1.25904 1.2q08

0.00_653 0.07627 1.267 0.00765 1.25639 1.2189

0,0;5G550 0.0774_ 1.182 0.00?56 1.25366 1.1617

0.00521_? 0.078_T 1.108 0.007k7 1.25088 1.1130

0.00539_3 0.07880 1.0_4 0.00735 1.2_802 1.0771

0.09560_0 0.07910 0.988 3.0072? 1.2_510 1.0_91

0.005_1_0 G.07919 O.q]T 0.0070_ 1.2_12 1.02E9

0.00o03_6 0.0_911 0.892 0.00695 1.23906 1.0006

_.0_62507 0.07855 0.852 0.30E78 1.23593 0.9981

3.90696T0 0.0?789 0.815 0.00662 1.23273 0.9899

0.006695_ 0.02715 0._8_ 0.00647 1,229_7 0.9841

0.0069250 0.07636 0.750 0.00633 1.2261_ 0.9797

0.0_T1608 0.07_52 0.721 0.00619 1,22276 0.q262

0.00?3979 _.02463 0.694 0.0060_ 1._1932 0.97_8

0,00763_6 0.07370 0.660 3.0059h 1.21082 0.9730

0.0078815 0.07_?F 0.6_6 0.0058_ 1.21220 0.9231

0,9085109 0.070?8 0.59_ 0.00556 1.20321 0.97S_

0.0090863 0.06778 0.549 0.00_36 1.19391 0.9781

0.0095q12 0.06537 0.510 0.00520 1.10_53 0.9823

0.0100107 _.06313 0._77 0,0051! 1,17520 0.9827

0.0103260 0.061Z_ 0.450 _.00S08 1.16604 0.9707

0.010_858 0.05957 0._26 0.0051x 1,15718 0.9689

0.010_1_3 0.05816 0._07 0.00523 1,1_07_ 0,956_

0.010_167 0.05215 0.392 _.00540 1.1_079 0.9392

0.010233_ 0.056_1 0.380 0.00562 1.13339 0.921_

0.009_h70 0.05586 0,370 _.00508 1.12656 0.9032

0.009_8_0 0,05540 0,363 0.00618 1.12028 0.8851

0.0092121 0.05527 0.300 3.00649 1.11_5W 0.860T

0.006_560 0.054_0 0.352 0.00711 1,10k51 0.8529

0.0077696 0.05599 0.350 0.00789 1.09611 0.8276

0.007162? 0.0578_ 0.350 0.00875 1.08o99 0.8060

0.00662_1 0.05988 0.353 0,00961 1.08290 0o791_

0.006]562 0.06131 0.356 0.01036 1.02264 0.7902

0.0052_18 0.06_97 0.369 0,011_3 1.02305 0.7875

0,0053753 0,06843 0.300 0.01255 1.06901 0.2816

0.00476?9 0.0746R 0.399 0.01W76 1.062_2 0.7715

0.00W2845 0.0?998 0.41_ 0.0169_ 1.0567_ 0.7626

0,003_931 0.08_3_ 0,_26 0o0192_ 1,05221 O,TB_

0.0035698 0.087?8 0._k0 0.02151 1.0_8_0 0o?_67

0.0033119 0.090_7 0._51 0.023T6 1.0_526 0.7_01

0.0030609 0.09254 0._61 3.0261_ 1.0_2W3 0.73_1

0.002_710 0.09_16 0.4T1 0.02859 1.03995 0.7266

0.0022001 0.09546 0._81 0.03106 1.03770 0,7216

0.0025_89 0.0965_ 0.490 0.0335_ 1.03580 0.?171

0.00241_7 0.09755 0.W99 0.03616 1°03_05 0.7132

0.00229_7 0._9850 0.508 0.03879 1.032k6 0.7097

0.002186? 0.099_5 0.518 0.0h197 1.03102 0.7067

0.0020889 0.100_ 0.527 0,0_421 1.02921 0.70_1

0.0019999 O.t01_& 0.536 0.0_699 1,02851 0.7818

0.00191_5 0.10259 0.5_5 0°0_98_ 1,022_0 0.6998

3.OOtd_T_ 0.10376 0.55_ 0.0527_ 1.02638 0.6980

0.0017700 0.10498 0.563 0.0552_ 1.025kl 0.6961

0.C017062 0.10629 0.572 0.05880 1.02654 0.69_7

0.0016479 0.10764 0,581 0,06187 1._Z3?Z 0.6935

0.0015932 0.10904 0.590 0.06_00 1.02296 0.692_

0.001_717 0.11270 0.612 0.07308 1.02125 0.6903

0.0013680 0.11654 0.635 0.0015] 1.01979 0.6888

0.0012000 0.12k58 0,680 0.09952 1.01740 0.6867

0.0009650 0.L_095 0.769 0.1399_ 1.01_02 0.6846

0.000490l 0.27?27 1.183 0.51M61 1.00212 0.55?9

0.000_2_ 0.39208 1.551 1.01726 1.00_78 0,5507

0.000_475 0.52380 1._88 1,66722 1,00309 0.5_8_

_.0001o_I 0.28994 2.206 2.642_ 1.00287 0o_0_9
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C-2t> TMERNODYNSHTC PROPFRTIES OF PARA. 3GEN

18_ _SIA ISOBAR

TERDERITUNL VOLUME

DEG, R CU FTILO

" 31.W1_ 0.19338

32 0*19380

3_ 0.19530

3& 0.19686

38 0.19050

kO 0.20019

42 0.20700

44 0.Z0389

4& O.ZO58&

_8 0.Z0793

50 0.21009

52 0.21234

5_ 0.21_69

56 0.21r15

58 0.71971

60 0.ZZ239

62 0.Z2519

6_ 0,ZZ811

66 0,23116

68 0.23434

70 g.z376b

75 0,2_&58

80 0.256;7

85 0.26736

90 0,ZT925

95 0.29Z11

100 0.30590

105 O.3205F

110 0.33_00

115 0.35207

170 0.36867

1Z5 0.38967

130 0._0Z98

1_0 0.4380&

150 0.47335

150 0,50860

170 0.54371

180 0,57858

190 0.6L3Z1

ZOO 0.6_756

ZZO 0,71546

240 0.78232

260 0,8_816

Z80 0.91318

300 0.977_6

320 1.04109

390 1.10104

360 1.$63&_

380 1.22588

400 1.78780

420 1.34945

440 1.k1087

460 1.4?208

480 1.53310

50C 1,59396

5_ 1.65_68

5_0 1.71733

560 1*77767

580 1o83791

600 1.89805

650 Z.04808

700 2.19770

800 2,_g611

$000 3.09089

ZOO0 6,C5793

3000 9.01117

_000 $1.97222

5000 14.97754

l TWO-PHASE BOUMORY

I_OTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C@
DERIVATIVE DERIVATIVE ENERGY

Cb rT-P_!A/L8 P$1AIR BTUtLB 8TU/LR 8TU/LB-P BTU

W331.08 83.8912 -128.921 -64.W66 1.Z_95_ $.23_

431C.85 83.8715 -128.131 -63.536 1.27887 L.Z_6

4172.71 83.7055 -125.329 -60.235 |.378_9 1.287

k034.74 83.3840 -122._91 -5_,775 1.47776 1*3_4

3397.24 82.9083 °119.322 -53.160 1.57549 1.357

JT49.45 82.518_ -116.179 °49.403 1.67181 1.388

3&Og,66 81.7888 -$12.R01 -45._73 1,76769 1.41_

3467,10 80.8603 -109.353 -ki.393 1.86Z57 1o438

3346,85 74.7917 -105.791 -37.174 1.95634 1.460

3723.83 75.5956 102.115 -32.808 2.0_925 1.479

$105.82 77.3395 -98.331 -28.305 2.14115 1._98

2983.28 76.0319 -94,439 *23,664 2.23216 1.515

Z86_.70 74.6145 -90.442 -18.88_ 2.32236 1.529

2746.99 23.$0W8 -86.3k0 -13._63 2.4118k 1.543

2633,_7 73.5273 -52.140 -8.908 2.5005k 1.555

7524.wg 69.8901 -77.84_ -3.717 Z.58853 1.565

Z917.80 68._003 -73,452 1.607 Z,67580 1.575

2317.22 66._617 -68.971 T.061 2.7623R 1.583

2218,64 b_,686_ -6_,W07 12,647 Z,8W825 1.591

2124.89 6_,8840 -59.761 18.348 Z.933_2 1.597

Z035.00 61.0691 -55+0_2 24.173 3.01785 1.60Z

1531.5_ 56,547_ -47.949 39.739 3,22569 1.610

16_6.13 57.1Z57 -30._69 55,016 3.42938 1.618

1504.27 47.8801 -17.872 71.747 3.62586 1.638

1381.02 _3.8632 -_.181 8R.Zg_ 3.82078 1.653

1_8_.46 40.1473 8.W70 105.834 Wo0184Z 1.666

1205._ 36.7536 23.913 123.874 _.19551 1.680

$$k8.50 33.693_ 35.241 147.092 _.37328 1.691

L107,68 30.9501 _8._99 160,492 k.5_4_7 1.705

1080.56 28.5068 61.6_9 179.900 4.70901 1.722

1064.&3 76.339E _4.673 197,554 4.86895 1.744

1058.01 24,4189 87.566 216°115 5.018_g 1,770

1059.81 22.7166 100.341 23_,638 $.16395 1.800

lO8Z.ZO 19.8688 175.610 771*621 5.43788 1.873

1118.85 $7.6720 150.718 308._89 5.69224 1.961

1163.52 15.8237 175.949 345.471 5.93091 2.061

1_12.41 1_.3603 Z01.537 302.760 8.15695 _.167

1765.39 $3.1482 777.64Z _Z0.k87 6.37_58 _.276

1320.62 12.1259 Z5_.970 _59.35A 6.5826_ 2,403

1378.86 13.Z560 282.505 498.345 6.782;8 Z.505

1W97.35 9.8487 339.500 57T,R71 7.16188 _.68_

1517.39 8.7621 398.682 659,_38 7.51608 2.820

1737._3 7.8979 459.347 7_Z.0_8 7.84885 2.909

1856.66 7.193_ 520.877 825.201 8.15487 2.956

1975.03 6.6072 582.393 908.191 8.64178 2.968

209_.07 6.1123 643.590 990.599 8.70731 Z.956

ZL94.66 5.6962 703.97Z $070,96_ 8,95061 Z,926

2310.31 5.3241 763.506 1151.36C 9.18050 2,887

7425.09 5.0084 872.038 1730.636 9.39_83 Z,844

Z539.08 _.rzg_ A79.5_3 1308.78Z 9.59533 Z.800

2652.k0 4.4809 936.0_5 1385.844 9.78331 2.757

7765.09 _.7580 991.650 1461.909 9.96028 2+717

2877.25 4.0570 10_6.;03 1537.064 10.12734 Z.687

2988.91 T,8746 1100._17 1611.418 10.78534 Z.651

3100.14 3,7083 1153.781 1685.068 10._3582 Z. 624

3_10.98 3.556_ 1206o587 l_58.110 10o57919 _.601

3332.78 3.k127 $_59.627 _837.031 10.71788 Z.587

34_2.3_ 3.2836 1311.478 $903.995 10.8_875 Z.566

3551.61 3.16_3 1363°0_8 1975.64] 10.97382 2.55Z

3660.63 3_ _36 1414.364 Z047.006 11.09485 Zo5_0

393_.23 2. _7 15_1.566 7224.213 11.37881 Z.519

4707,75 2._11 1667.850 Z_00.370 11.64016 Z.507

;7_1.48 Z.7675 1918.709 7750.693 17.10828 2._96

5813.50 1.8069 Z_18.522 3_4_.750 12.8866_ 2._9_

11Lk_.SZ 0.9000 _968.955 6986._6_ 15.33147 2.645

16_67,82 0.5998 7755,291 10758.817 16,84758 2,9Z3

71790,49 0,_9g 10833.099 14_23.573 18.21058 3.228

27113.16 0.3599 1_383.715 19375.915 70.f15827 3.938

I LB

CP

.p

1.586

1.610

1. 690

1. 769

1.846

1.9;_7

Z. 002

2. 077

2.11,7

Z. 216

Z. 28

Z. 356

Z. _,25

Z._94

Z. 56 Z

Z.629

2. 695

Z. 759

Z. 8Z 3

Z. 884

Zo 943

3. 084

3.227

3. 353

3. _63

3. 550

3.621

3* 666

3.693

]. 708

3. 712

3. 711

3. ;'04

3.688

3.689

3.710

]. 750

3.800

3.876

3.932

_.035

_.111

W.153

_. 161

_.142

_.102

4.055

3. 995

3.937

3.882

3. 829

3. 781

3. 738

3.700

3.668

3. 639

$o613

I. 592

3.575

3.560

3.532

3°515

3.497

3.487

3.632

3.909

4. 221

_.. 993

VELOCITY

OF SOUND

FT/SEC

5090

5078

5038

4998

4956

4866

_816

_775

4730

4685

4636

4588

453&

4404

4432

_378

_32_

4270

4216

4162

_032

3099

3777

368Z

3561

3470

3397

3334

3283

3240

3205

3178

3142

3122

3115

3118

3129

3141

3166

3zzg

3305

3389

3480

3973

3868

3753

3848

3944

4039

_131

4222

4310

_396

4_80

4562

4646

_725

4001

_875

5054

522S

5547

6137

8_19

10101

11489

12618

L
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1800 P$|A ISOBAR

yHERMOOYNAHIC PROPERTIES OF PARAHYDROG[N

TEMPERATURE OENS]IY V(OH/DV)p V(OPIDU)v -V(OP/OV) T

OEG. R LBICU FT 8TU/LP PSI&-CU FT/BTU P$IA

C-2b

(DV/DTJF_V tHERMAL VI$C OSZTY THERMAL O[(LECTRZC PRANOTL
CONOUCTIVITY OIFFU$1VIT¥ CONSTANT NUMBER

I/OEG. R BTUfFT-HR-R LB/FT°SEC SQ FT/HR
X 105

• 31.410 5.17125 _25.32 13,1k8 22500.51 0.003r28; 0,06503

32 5.15997 _26.86 13.0_1 222_3,80 0.0037705 0.06603

3; 5.120_6 _31.50 12.699 21366.16 0.0039127 0.06881

36 5,01973 ;3_.88 12.397 20;95,39 0.00_068_ 0.07130

38 5,03779 ;37.19 12.1Z6 19633._9 0.00_2228 0.07k02

_0 q.9952; ;37.3; 11.903 18729.k0 0.004_050 0.07620

;Z q,9500_ k37.50 11.681 17869.77 0.0045769 0.07788

4; ;.90k50 k36.Ek 11.k61 1T00;,63 0.00;7552 0.07916

46 4.65750 437.30 11.251 16257,59 0.0049079 0.06009

;0 ;.00921 _37.10 11.0_ 15504.11 0.0050693 0.08071

50 ;.75906 ;36.78 10o0;7 lk763.20 0.0052316 0,00110

52 4.709k7 ;35.35 10.659 140;9.69 0.005;116 0.08120

y_ ;.65795 ;33.61 10.477 133_3.61 0.0055918 0.08120

56 _.60522 ;31.55 10.291 12650.;7 0.0057780 0.00060

50 k.50145 _29.36 10.107 11967.0k 0.0059671 0.00021

60 ;.;9660 426.9q 9.929 11351.61 0.0061560 0.0795k

62 _,q4071 424.29 9.750 10736.73 0.0063521 0.07603

6k _.36379 _21.60 9.575 10156.22 0.0065;27 0.07805

66 ;.32598 k16.02 9.398 9597.77 0.0067397 0.07723

68 _.26726 k15.67 9.226 9067.;6 0.0069351 0.07638

70 4,20770 ;12.68 9.062 6562.65 0.0071320 0.07549

75 k.055;7 405.07 8.66] 7;27.76 0.0076130 0.07319

80 3.0990k 397.31 8.261 6;10.32 0.006121; 0.07084

05 3.74031 394.00 7.01_ 5626.;3 0.0005098 0.06655

90 3.58108 390.45 7._12 49;5,56 0,0088692 0.06639

99 3.;2338 388.77 7.039 ;397.21 0.0091302 0.06;;1

100 3.26900 388.27 6.69; 3940.56 0.0093270 0.06272

105 3.11992 389.76 6.389 3562.66 0.0094046 0.06130

110 2.97610 393.41 6.100 3296.66 0.0093003 0.06026

115 2.64031 399.17 5.827 3069.11 0.0092083 0.05947

_20 2.712k5 _07,00 5.567 2887.77 0,0091210 0.05805

125 2.59207 416.65 5.320 27_3,20 0.0009014 0.050;0

130 Z,;8153 ;28.60 5.085 2629.95 0.0006376 0.05809

lkO 2.28278 _98.56 4.646 2;70,43 0,0080;27 0.057;5

t50 2.11252 ;94.78 ;.253 2363.70 0.007_553 0.058;5

I60 1.96618 53_.37 3.905 2287.69 0.0069169 0.0601k

170 1,83923 562.28 3.603 2229.91 0,006_398 0.06205

160 1.72038 632.99 3.343 2187.06 0.0060110 0.06316

190 1.63077 688.32 3.095 2153,63 0.0056305 0.06_70

200 1,54;_5 7k3.8; 2.910 2129.30 0.0052062 0.0700;

220 1.397T0 057.k0 2.625 2092.85 0.00;T059 0,07606

2_0 1.27625 969.94 2.431 2067.;3 0.00;2302 0.06117

2b0 1.17902 1076.87 2.303 20;7.99 0.0038564 0.06535

200 1.09507 1175.96 2,223 2033.18 0.0035350 0.08666

300 1.02306 1266,5q 2.176 2020.57 0.0032700 0.09125

320 0.960Y3 13;8.73 2.153 2009.49 0.0030417 0.0932;

3;0 0.906_3 1416,62 2.1k3 1993.27 0.0028577 0.09400

360 0,65937 1_69.7k 2.146 1965.k2 0.0026616 0.09606

360 0.0157k 1555.20 2.159 1978.25 0,0025317 0.09711

• 00 0,77652 1616,25 2,175 1971.64 0.0023987 0.09008

;20 0.7;104 1679.62 2,193 1965.53 0.0022797 0.09901

kkO 0.70670 17;0.25 2,211 1959.85 0,0021726 0.0999k

;60 0.67931 1800.98 2.227 195_.55 0.0020757 0.10092

660 0.65227 1861.90 2,2;1 19;9.56 0.001907_ 0.10196

500 0.6273T 1923.55 2.253 19;k.93 0.0019067 0.10306

620 0.60;35 1905.97 2.262 19k0.54 0.0018326 0.10423

5;0 0.58230 2054.48 2.270 1940.66 0.0017585 0.105;5

560 0.56253 2118.;9 2.275 1936.;3 0.0016957 0,106r5

560 0.5;;10 2163.0k 2.279 1932.k2 0.0016375 0.10610

600 0.52666 2_;8.k2 2.262 1928.62 0.0015833 0.10951

650 0.k8626 2;1;.56 2.283 1919.96 0.001_629 0.11318

700 0._5502 2_03.89 2.261 1912.33 0.0013602 0.1170;

800 0.;0062 2929.59 2.267 1699.54 0,0011937 0.12512

1000 0.32353 3629.87 2.2;0 1880.85 0.0009607 0.1;160

2000 0.16521 7_29.30 2.059 16;1.10 0.0004888 0.27727

3000 0.11092 11907.92 1.0;9 1027.49 0.0003282 0.39286

kOO0 0.063_3 17077.19 1.666 1820.09 0.0002472 0.$2_73

5000 0.06677 25113.00 1.369 1810.25 0.0001988 0.78002

2.228 0.00793 1.27216 1.9559

2.149 0.00795 1,27151 1.8856

1.914 0.00795 1.26926 1.6933

1.727 0.00791 1.26695 1.5_27

1.57_ 0.0079_ I._6_57 1.4129

1.;;7 0.0079? 1.26216 1,3176

1.3k0 0.00786 1.25963 1.2403

1.2;0 0.00777 1.25703 1.1793

1.170 0.00768 1,25_37 1.1206

1.101 0.00757 1.25165 1.0882

1.0;1 0.00796 1.2;087 1.0559

0.988 0.00733 1.2_603 1.0307

0.9;0 0.007_0 1.2931_ 1,0097

0.097 0.0070_ 1.24018 0.9972

0._59 0.00608 1.23717 0.987_

0.023 0.00673 1.23_11 0.9795

0,791 0.00659 1.2309_ 0.9736

0,761 0.006k5 1.22702 0,9686

0._34 0.00632 1.22461 0.9652

0.708 0.00621 1.22135 0.9624

0.664 0.00610 1.21805 0.9601

0.631 0.00505 1.2096_ 0.9568

0.505 0.00563 1.2010_ 0.9592

0.5;5 O. O05k_ 1.19235 0.9605

0.511 0.00535 1.10360 0.960;

0.;82 0.00530 1.1751_ 0.9571

0._58 0.00530 1.16682 0.9516

0._37 0.00536 1.15079 0.9;12

0.;20 0.00540 1.1511_ 0.9266

0.;06 0.00565 1.14391 0.9112

0.395 0.0058k 1.13719 0,896_

0,386 0,00607 1.13063 0.8626

0.379 0.00632 1.12_9_ 0.0697

0.370 0.0068? 1.11;58 0.05_6

0.365 0.00750 1.1057_ 0.8391

0.364 0.00825 1.09817 0.8009

0.365 0.00900 1.09163 0.79_9

0.367 0.0096_ 1.08594 0.7954

0.379 0.01055 1.00096 O. 7935

0.390 0o0t159 1.07655 0.7080

O,k07 0.013;9 1.06911 0.7702

0.;22 0.01545 1.06307 O. 7691

0.434 0.01743 1.05800 0.7605

0.;45 0.01946 1.05367 0.7522

0.;56 0.0215_ 1.05026 0.7_4_

0._65 0.02366 1.0471_ 0.7371

0.;75 0.02574 1.04k53 0.7312

0.48; 0.02790 1.0;210 0.72;9

0.493 0.0302_ 1.03993 0.7200

0,502 0.0325_ 1.03799 0.7157

0.511 0.03k09 1.03623 0.7120

0.520 0.03729 1.03;6] G.7087

0.529 0.03974 1.0331_ 0.7058

0.538 0.0_22_ 1.0310_ 0.7033

0.5;7 0.0_479 1.0306l 0.7011

0.556 0.0k739 1.029_8 0.6903

0.565 0.05012 1.02839 0,6972

0.574 0.05263 1.027;2 0.6957

0.503 0.05558 1.02651 0.69_3

0,592 0.05039 1,02566 0.6932

0.615 0.06562 1.02377 0.6909

0,630 0,07319 1.02213 _.6092

0,683 0.08930 1.019_ 0.6070

0,77Z 0.12551 1.01570 0,68_7

1.190 0. k6211 1.00800 0.5611

1.562 0.90571 1.00537 0.5593

1.q01 I.k8265 t. COkOk 0.5527

2.221 2.339_0 1.00323 0.5118

" TMO-PHASE BOU_ORY
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r __

22Q0 PS[a 13_BA_

TEMPERATURF _OLUNE £_OTHPPH XSOC_<)RE [H[E_NAL ENTHALPY ENTROPY CV CP VELOCITY

3E_IV_T_#F OF_i_',r[vr ENER_ OF SOUND

]EG. R CU YT/L!_ _d rT-P_T_/L_ PSIAI_ BTU/LB BTUIL_ 8TUILB-R BTU I LB -R FTISEC

• 3Z.732 O.lg_qg 4666._6 eq._:'" -I?'o;_O -_q.834 1.Z6196 1.Z55 t,600 5Z51

3_ O.tgtez _;d_,% _.,!Z_ ;25.BAT -4T.T23 1.325_5 1.281 1,650 5ZZ9

3_ 0.193Z7 4_9.1! 85._;,_. -1Z3.082 -_*_.3_7 1._21F2 1.315 1. F25 519_

_0 0.19_ _66._ 84._1E? -11?.168 -37.1_6 1.81101 t.383 1.889 51Z1

_Z O.l_?_5 W056.0_ 83._;16 -113.9_6 -33.3_8 1.703g0 1.610 1.938 5083

k4 0.t9949 391_.87 _o_Jqq -110o675 -zg,_oq 1.Z9551 1*_35 Z. OI3 506_

_6 0.2012_ 3785.0_ 82.6_1e -107.288 -25.316 1.886_g 1._58 Z.080 5002

_8 O.20]OZ 3661.9_ 81.b_?_ -193.T99 -71.09_ 1._7833 1._78 2,1_5 _g61

50 ;.20_89 3_3_,6_ 8_._88_ -100._07 -16.?39 2.08522 1.498 Z.210 _916

5Z O._OG_ 3415.78 7_._59_ -96.518 -12.Z_1 Z.15321 1,515 Z. Z73 _812

5_ O.ZO]8_ 33Q6._0 77._7_e -q_.735 -T.6_9 Z.2_005 1.531 2.333 _831

55 0.C1096 3191._I Z_._,;Z? -88._59 -_.915 Z.]2609 1,5_6 2.396 _787

5_ 0.2_31_ 3081.?e ZS.?_ -_4._92 1.938 2._1130 1.559 Z._57 _7_3

60 0.215_I Z_71.35 73._e,q -80._0 6.918 Z._9581 1.571 Z.517 _697

6_ 0._I776 2_6_.6_ 7Zo3_5_ -76,?0_ 1Z.O05 _.579t0 1.582 Z.577 _650

6_ 0.2Z_19 _T67.7_ 73.R867 -ZZ._90 1Z,ZI] Zo661Z7 1,591 Z.6]_ h_OS

66 0.2_27_ Z669,92 69.22,+1 -68.198 Z_.53k 2.?_36_ 1.600 Z.688 k559

68 0.2Z53_ 2575.27 87.611] -63.836 27.965 Z.82_?1 1.60F Z.?_2 _512

?0 O.ZZSg5 2606.ql 6_.qT_F -59.h05 3].500 Z.90693 1.61Z Z. 792 6667

75 O.ZS_Z_ Z_FS._I bi._6 -;_.076 67.763 3.10170 1.6ZZ Z°glZ _353

RO 0.2;309 2091.8! 57.T2_Z -36.;16 62.613 3._9335 1°63_ 3.027 _Z39

85 O.Z$iST 192_.36 5_,72T3 -?4.660 Z7.B_6 3.67763 1,65k 3.168 611g

90 0.260/6 IZ8_.OE _?._ -12.389 93.839 ].6606? 1.670 $.Z50 _011

95 0.2705_ 166o._C 4h. Z58P 0.07_ 110.Z99 3.8386T 1.68_ 3.337 $912

100 0._8103 157_.9_ WZ.874_ 12.783 12?.2F0 _.01277 1.698 ]._05 38Z5

105 0.2gz08 1497.14 3q.z_g_ 25._51 Ik_._38 _.18028 1. T09 3._60 37_8

110 0.30368 1_35.07 36.q_70 36.1_5 161.857 _.3_23_ 1.7_3 $.506 3678

115 0.3157_ 138E.gw 34.311_ 50.839 179._8Z _.W9903 1.F_O 3.5_3 3617

120 0.3Z833 1351.7q 31._55_ (>3._19 lqF.ZT3 W.650_6 I. F6Z 3.572 ]$63

125 0.3;125 1327.1P 29.8263 76.17_ 21S.193 _.Z96TF 1.788 3.595 3S16

130 0.35648 1311.ZZ 27.9C_q 8E.811 233.Z20 6.g3818 1.819 3.615 $675

1_0 0.3816_ 1301.7_ 2_°606_ 11;.055 Z69.5Z9 5*ZOT_6 1.892 3.6_8 3_10

150 0._09_0 1316._7 21.91_7 1_g.375 305,155 5._5993 1.g79 3°678 3366

160 O._STWO 134_._g 1q.7167 16_.9_ 3_3°113 5°6986h _.07T 3.715 3339

170 0,66548 138_.6q 27.9_; 1_0.8_0 380.507 5,9251Z Z.181 3.762 3328

186 0._g351 I_Zf.C1 t6.]940 217,362 h18._08 6.1_173 Z._fl9 3.819 33_0

190 0.5714q 1_72.t3 15._2_1 2_5.069 457._9Z 6.35Z9_ Z._15 $.900 3319

_O0 G.SW929 15Z2.2d 14.031; ZFZ.986 496.757 6.55qZ0 _°517 3.962 3332

Z2O 0.60_80 162q.76 12.2652 _30.727 5F7.031 6.93869 2,6g$ _.OFO ]376

240 0.6593Z 17_2o_? 13.sqGq ]90.510 659.206 F.Z9396 2.831 W.1_7 3_3g

Z60 0.71338 1857._E g.80_9 _51.92_ F_Z.5_t 7.62766 z. gzo _.188 3513

Z60 0,76579 l)T1._q 8.'_164 51_,001 8Z6.375 7,93819 Z.966 _.194 3596

300 0.81965 Z08_,73 _.17_; 578.119 910,0Z9 8.22689 Z. gT9 b°176 3683

320 _.87_03 220n._6 7.c_5 _37._27 993.073 8.kq_g8 _.967 _.133 ]FF3

3&O 0.9Z383 Z]?C._] 7.0_22 6_8.763 10?5.115 8.7_3]1 Z.g37 _.079 386_

360 O.qZSZ8 24T_.Oq 6._615 ;_.71_ 1156.0Z8 8.97_66 Z.897 h,818 39_6

380 l. OZbS_ 25_.2t 6.15_q 8_i'.588 1Z35.897 9.i900h 2.85Z 3.955 6066

_6_ 1,07_2Z Z6_3.72 5._1S 875.27F 1312oB92 9.38818 2.807 3.902 _127

_20 I.IZ_?I ZF57.2¢ 5.510G q32.021 119g.t89 9.5770_ _.783 3.847 _Z17

_0 1._7_0 287_.21 5.23_2 9_Z.851 1k66°68T 9._54F9 Z,TZ3 3.798 W306

_60 1°2_5T0 _98_.t_ k.q8k5 1_2._3 15_.150 9._2253 2.688 3.75_ _393

W8_ 1.275_ $09_.5_ 4.7583 10_7.038 1616.790 10.08114 Z,656 ].715 _T8

500 1.3Z583 3206. Ok _.55Z3 1_r'0.589 1690.7D6 10.23217 2.629 ].681 +560

52+ 1.3756_ 4317.13 +.6668 _PiPJ._8 1T6]._ 10.]760_ _0606 _68_ 66+1

5_0 1._ZF83 3_._ k01856 1Z56.903 1038.574 10._1561 Z.587 3.62_ +7Z8

560 1.47703 3553.9? 4.025q 130_.918 iglO. TSZ tO.6_6]F Z.SFO ].603 _80_

$80 1.52673 3663.Z3 3.87_ i360.6_0 1982.599 10,FTZZg 2. S_6 3.58_ 66Z8

60D 1.$7605 3772.23 3.7417 ]_12.095 Z054.165 10.89363 Z.5_6 3*569 _g§l

650 1.69_02 h0_3.7? 3°_398 1539.603 2231.750 11.178_k Z.5_3 3. S60 5127

ZOO 1.82L63 431_.Zl J.l_? 1666.1_3 Z408.Z39 11.kh008 Z.510 ].521 5Z9_

8_0 Z.06606 4852.70 z.?_l 191?.399 2759._78 11.90888 2,W99 3,501 5613

lOGO 2._5J03 _gZ_.L1 ?._09_ 7417.723 ]_57.779 12.68798 _°_g5 3._90 6195

_000 4.9769_ 11Z52._6 1°_9q8 _968.q71 6q96.461 15.13355 _.6h6 3.632 8k59

3000 7.3912_ 165T_.?q 0.733C 7135._3 10768.962 16.6k973 _.9_3 3.908 10133

_000 9.81968 21896.0_ 0.5498 1C_:0._1_ 1_831.158 18.0120_ 3._71 _.2t3 11§19

5000 12.77_99 27718.70 0._3_ ]_53.711 1_3S_.$04 19.85339 3.081 4.9?9 1Z6_3

• TWO-PM_S_ RDUqORY
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I

ZZO0 PSIA ISOBAR

ThErMODYNAMIC PROPERTIES OF PARAHYDROGEN

TEMPERATURE DENSITY V(DH/OV)_ V(OP/DUI V -V(DP/OV) T

DEG. R LBIC_ FT BTU/LB PSIA-CU FT/BTU PSIA

32.707 5.23506 657,62 13.006 ?k;32.q3

36 5,21187 W61o22 12.795 23875.23

36 5,17_05 ;65.75 12.502 23020,20

38 5o135Z0 ;69.19 12.Z39 27171.51

;0 5.0953_ ;71.83 11.996 21331,1;

;Z 5,05;66 ;73.53 11.777 20501,31

k; 5.01Zq0 ;77.95 11.610 1962;.87

;6 ;.96971 ;73._ 11._08 18810.58

;8 ;.92569 ;7;.00 L1,208 18037.78

50 ;.88063 673,77 11.009 17251.28

5Z ;.83;55 _73.76 10.816 16518.60

5h k.78790 k73.71 10.636 15830.70

56 _.7;070 k72,71 10._63 15126.50

56 ;.69166 W71.7; 10.293 1;;56.76

60 ;.6;237 _70.16 10.127 1379;.08

6Z _.592Z8 _68.h8 9.961 13155,13

6q ;.5;1_7 _67,2_ 9,790 [2569.62

66 _,;8953 k65,N9 9,637 11987.7;

68 ;.;3772 _63.;8 9.h80 11;28.3;

70 k.30;]2 ;61,_5 9.333 10902.69

75 ;.25066 h56.08 8.969 9685,10

80 ;.1137_ ;51.23 8.596 8605,17

8S 3097;99 ;48.26 8.170 76N9.33

90 3.03;99 6;5.79 7.790 60q1,85

95 3.69503 ;N;.30 7.;3_ 6159.;6

100 3.§5032 4;5.00 7.098 560k.09

[05 3.;2375 ;;6.07 6.797 512508;

[10 8,29297 ;N6.87 6,506 ;725.65

[IS 3.16676 kS3.51 6.225 ;392.10

[20 3°06575 _60.19 5.95; ;117.23

125 2.930k2 ;68.77 5.691 3889,00

130 2.82100 ;79.20 5._39 3698.96

1;0 2.62025 505.66 ;,96_ 3;10,00

150 2.k;ZbZ 539,;6 _.53k 321;,91

160 2.28626 579,30 ;.153 307;.99

170 2.1;032 62;.29 3.820 2970.66

180 2.02631 _73.11 3.535 2009.S5

[90 1.91770 728.4_ 3.265 282_.17

200 1,82092 782.56 3.062 2771.35

220 1.65397 096.50 2.751 2695.58

240 1.51671 [005.88 2.538 2642.91

260 1.60170 [112.17 2.395 2603.74

280 1.30NL; 1210.8; 2.305 2573.98

300 1.22003 1301.19 2.250 2549.53

320 1.[N676 1383,62 2.221 2529.35

340 1.002;5 lk59.20 2.209 2512.28

360 1002535 1929.09 2.209 2;96,81

380 0.9763; 159_.56 2.216 7482,81

+00 0.93091 16_9.7S 2.220 2;61.07

620 0.80096 1711.11 2.2;3 2;S1,08

6k0 0.85077 1771.69 2.259 24N1.89

_60 0.81586 1832.50 2,273 2;33.39

NSO 0.78380 1593.52 2.786 2;25.90

SO0 0.75;25 1955.27 2.296 2_10,1;

520 0,72691 2017.01 2.30k 2411,26

5;0 0.70036 2088.69 2,310 2412.3_

560 0.67690 2152.75 2.31k 2;05,67

580 0.65500 2217.35 2.316 2399.;0

600 0.63;90 ZZ82,78 2.318 2393._8

650 0.58697 2;49,07 2.317 2380.06

700 0.5q896 2618.55 2,311 2368.32

800 0.;0601 2964.55 2,29h 23;8.76

1000 0,39169 3665,25 2.260 2320,_2

2000 0.20093 7W66.57 2°069 2260.96

3000 0.13510 11947.17 [.855 22;0.59

bOO0 0,1018; 17087.2; 1,676 7229.82

5000 0,081k7 2NBS1.;k 1.391 2217.37

• TWO-PHASE 80UMORY

C-2b

(DV/DT_fV THERMAL VISCOSITY THERMAL D[ELECTRIC PRANOTL
GONDUCTIVITY OIFFUSIVITY CONSTANT NUMeER

IIDEG. R BTUIFT-HR-R LBIFT-SEC SQ FTI_R
x 105

0.003_97_ 0.06904 2.3k0 0.0082_ 1.2758h 1,9531

0.0035783 0.07090 2,166 0.0082_ 1.27;;7 1.815_

0.00370_3 0.07363 1.9_; 0000825 1.27231 1.6397

0.0038322 0,07661 1.76_ 0.00830 1,2T010 1,_902

0.0039618 0.07900 1.615 0.00829 1.2678; 1,3759

0,00_093_ 0.08089 1._91 0.00826 1.2655Z 1.2862

0,00;2558 0.08239 1.386 0.0081? 1.26316 1,2193

0,00;3937 0,08349 1,296 0,00808 1,26071 1,1622

0,00;5251 0,08;79 1.218 0.00798 1.25822 1.1156

0.00_6656 0.08_83 1,150 0,00786 1,25567 1.078;

0,00;7982 0.08915 1.089 0.0077_ 1,29307 1.0k70

0,00;925; 0,08530 1.036 0,0076_ 1.250;_ 1.020;

0.0050687 0.08;9_ 0.989 0,007k_ 1,2q776 1.0039

0.0052085 0,08_7 0.9_6 0.0073_ 1.2N503 0.990_

0.00535;2 0.08391 0.907 0,00718 1,Z;277 0.9795

0.0055001 0,08331 0.872 0.0070_ 1.239_6 0.9705

0.0056332 0,0826; 0,839 0,00691 [.2366_ 0,9623

0.00577;6 0.08193 0.810 0.00679 [02337_ 0.9561

0.0059161 0.08117 0,782 0.00667 1.23082 0,9510

0,0060512 0.08038 0.756 0.00657 1.22788 0.9;60

0.00638_6 0.07831 0.700 0.00633 1.220;3 0,9370

0,0067001 0.07619 0.652 0.00612 [._1785 0.93_5

0.0070235 0.07;09 0,611 0.00592 [,20521 0.93;1

0.0072905 0.07207 0.575 0.00578 1.19753 0,9329

000075102 0.07018 0,5;3 0.00569 1.1899] 0.930;

0.0076506 0.068;_ 0.516 0.00565 1.182;5 0,92_8

0.0077567 0006689 0,;93 0.00565 1.17516 0.9186

0.0078101 0.06576 0,k73 0,00570 1.16811 0.9085

0.0078120 0.06;9; 0,;57 0,0057q [.16133 0.8967

0.007761; 0.06;2; 0,;;2 0.00591 1.15_85 0,885;

0.007669; 0.06368 0.631 0.0060; lol;870 0.8751

0,0075635 0.06325 0,_21 0,00620 [.1;289 0.6658

0.00721k1 0.06263 0,;07 0.00653 1.13727 0,8551

0.0068169 0.0631; 0.398 0.00703 101229; 0.8339

0.006;120 0.06;56 0,393 0.00760 1.11h77 0.8136

0.0060268 0.0667; 0,391 0.00819 1.10759 0.7996

0.0056735 0,06690 0.390 0.00865 1.10127 0.8015

0.00535k5 0.07029 O.W01 0.009_0 1,09_67 008015

0.0050629 0.073N4 0._11 0,01018 1009067 007976

0.0065501 0.07905 0.;26 0.0117_ 100871_ 0.7893

0.00;1223 0.08376 0.;38 0.01337 1,07515 0.780;

0.0037657 0008760 0._8 0.01_9Z 1.06932 0,7715

0.0034640 0.09063 0.958 0.01657 1.06_38 0.7625

0.0032077 0.09299 0.;67 0.01826 1.0601_ 0.7539

0.0029067 0,09k00 0,;75 0.02000 10056;6 0.7;57

000027952 0,09622 O,kSk 0.02179 1.05323 0.7301

0,0026200 0.09736 0,_92 0.02363 1.05037 0.7312

0.002;606 0.09833 0,50[ 0,02551 [.0;783 0.7250

0.002365k 0.0992; 0.509 0.02732 1.0;566 0.7208

0,0022;82 0.10011 0,518 0,02927 [.0;357 0.7162

0.0021;35 0.10101 0,526 0.03126 1.0k167 0.7125

0.007068_ 0.10196 0.535 0,03329 1.0399_ 0.7092

0,0019618 0.10796 0.sk_ 0.03535 1.03035 0,7063

0,0018825 0.10;05 0.553 0,037;8 1.03688 0.7038

0.0018098 0.10520 0,561 0.03963 [.03553 0.7017

0.0017351 0,106kl 0.570 0.0k192 1.03;22 0,6993

0,0916735 0.10771 0,579 0.0_;17 1,03306 0.6975

0.001616; 0.10906 0.508 0.0_6_6 1.03197 0.6960

0.0015633 0.110k7 0.597 0.0_079 [.03096 0,69_7

0.9014_53 0.11;15 0*620 0.0_79 [.02870 0.6920

0o0013;_5 0,1180; 0.6;3 0.06108 1.02675 0.6900

0.0011811 0,12619 Q.680 0.07_6 1.02356 0.6675

0.0009521 0.1;290 0.779 0.10;5_ 1.01903 0.68;9

0.000;86; 0,27727 1.20_ 0.37992 1.00973 0.5677

0,0003271 0.39282 1,502 0,7_3_6 1.0065_ 0,5667

0.0002;65 0.5_106 1,928 t._t;55 1.00;92 0,5611

0,000198; 0,76;39 2.253 L,90397 1,Q039_ 0,5231
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C-Zb

ZkO0 _SIA ISOBAR

#HODfNA" :'_OPE_T[ES OF PARAHYOROGFN

TEMPERATURE VOLUIE I ,FRM .ORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

DE ',,,lIVE O' ATIVE FN[RGY OF SOUNO

DEG. R CU FTILR Cu F!-PSIAILB ;:Al_ BTU/LB BTUIL_ BTUILB-R BTu I L8 -R FT/SEC

• 33.3Z7 0.1_7 4519.51 86,Z_26 -1_&.963 -W2._81 1.268_Z 1.265 1.&08 5328

3; 0.19031 _T76.1t 86,727_ -126,066 -41.490 1,30044 1.276 10633 5317

36 0.19|64 4647.12 86.1380 -123.320 -38.150 1.39567 1.315 1.706 5285

38 0.19303 4518.15 B5.q983 -120.453 -3_.667 1.49004 1.3_9 [.T?? 5Z51

40 0.19448 _389.48 05.51_z -117.471 -31.042 1.68298 1.380 1o847 5216

42 0.19598 4261.43 84.9970 -114.377 "27.Z81 1,67k74 1,408 1.914 5181

4_ 0,19754 4134,39 84.3545 *111,171 *23.386 1.76532 1,433 1,980 5145

46 0.19916 3997,01 83.9248 -107.873 -lq.364 1.85471 1.456 2.052 5108

48 0°20085 3875.71 83.0009 -104.461 -15.200 1.9_331 1,_70 Z. 115 5|T0

50 0.20261 3753.52 81o9440 -100,951 -10,906 Z.03095 1.498 2.176 5028

52 0.2044_ 3S27._0 80.7897 -97.344 -6.487 2,11762 1.516 2.240 4983

54 0,20633 331_.1_ ?9.5556 -93.650 -1.954 Z.2031_ 1.532 z. zq8 4944

56 0.20029 340_,92 70.265_ -89.866 2.?04 2,28785 1,54? 20356 4502

68 0,21033 3_90.93 76.9_q -85.996 7._76 2.37158 1,561 Z,416 4858

60 0.21243 318c.84 75._007 -82.0k2 12.367 2._544_ 1,573 2,473 _817

62 0,21_61 308_.0_ 7_.1895 -78.012 17.364 2.536_2 1,584 2,528 47T5

6_ 0,21687 2982.50 ?2.'187 -73.q02 22._78 2.61759 1.59_ 2.583 4731

66 0.21_20 28_.09 71.209_ -69.720 27,697 2.69790 1.604 20636 4687

68 0.2216_ 2789.16 69.6_,99 -65.468 33.021 2,77737 1.611 2.687 4643

70 0.22411 269_.6& 68.1092 -51,154 38.444 2.85557 1,6|Y 2.737 45_9

75 0.23070 2_89.67 64,1431 -50.122 52.406 3.04859 1,627 Z,849 4493

80 0.23_82 2301,60 60.1719 -38.773 66.91_ 3.23580 1.63_ 2.957 4386

65 0.2454_ 213_.88 66.2855 -27.338 81,761 3.41567 1,661 $.069 4275

90 0,25372 198_.11 52,5298 -15.397 97,360 3059398 1.677 30169 41_8

95 0.26Z5Z 1861.7_ 48.9501 -3,2_3 113._26 3.76765 1.692 30252 4_72

100 0.27185 1756.43 45.5915 9.172 129.984 3,93257 1.706 30325 3983

105 0._8168 1573,19 42.4638 21.569 146.753 4,10120 1.717 31380 3986

110 0.2919_ 1602.84 3g,5866 34.016 163.779 4,Z5960 1,731 $.429 $83S

115 0,302?3 1546.45 36,9;67 46.497 181.033 4,41299 1.749 3.472 3771

120 0,31386 1502,25 34.5327 58,957 198.484 4,56153 1.?71 30508 3713

125 0.32535 1469.72 32.3301 71.513 216.104 4.70538 10797 30559 3662

130 0.33r13 1447,13 30.3290 84,041 233.864 4.84469 1.827 3.566 3617

140 0,3613_ 1422,43 26,8577 109.174 269.781 5,110S5 1,900 3.617 3542

150 0.38629 1425,44 Z3.9955 134.465 306,160 5,36182 1.987 ].661 348e

160 0,41155 1444.72 21,6245 160.114 343.014 5,59966 2.085 $.709 3451

170 0,43_92 1_75,09 19.6522 186.178 380.375 5.82615 2.169 30763 34_7

180 0.46241 1613,00 18.0017 212.789 518.293 6.0_286 2.296 3.622 3416

190 0.48782 1555.23 16.6063 240.632 ;_7,427 6,25434 2,421 3.905 3410

200 0.51318 1501,12 15._102 268.68_ 496._52 6.45591 Z. 523 30969 3416

228 0.56367 1702.47 13.4721 326.711 577.213 6,03529 2o701 4.081 3452

240 0,6137_ 1805.66 11.9651 386._77 659.632 _.29762 2,836 40160 3587

260 0,66327 1_21.53 10.7629 _48._64 743,231 7.53_35 2.925 40202 3576

280 0.71229 2036.01 9.7834 510,803 027.357 7.84398 2,972 4,_08 $655

300 0.76079 2150.71 8,9685 573.164 911.272 8.13359 2.985 40187 3739

320 0.60886 276_.81 8._16 635.101 99_.572 0.G0251 2,972 _0146 3826

340 0,85642 2379.45 7.6542 696.256 1076.885 8.65167 2*942 4.052 3915

360 0,90372 2G9_.35 7.I_58 756.416 1158,044 8.683_0 2.903 ;,030 4015

300 0.95061 260_.20 6.T_16 815.477 1237.945 9.09972 2.858 30567 40_4

400 0,59720 2717,49 6._497 0?3.416 1316.586 9.30150 2.812 3.905 4181

420 1.04355 2830,46 6.0022 930.270 1354.041 5.;9045 2.766 3.846 _265

440 1,08718 2_23.?B 5.7135 986.080 1469,235 9,66544 Z, TZ? 3,80Z 4346

460 1,13338 3036.24 5.5583 1041.118 1544._06 9.83343 2.690 3.804 4460

480 1.17542 314e.22 5.2019 1095.426 1619.528 9.99234 2.659 30721 45_8

500 1.22532 3259.78 4.9758 1149.065 1693,617 10.14362 2.631 30687 4600

520 1.27110 3370._4 ;,7691 1202.126 1767.02Z 10,20770 2.608 3,658 4680

540 1.31534 3501.31 ;.5731 1255.603 1841.938 10.42_75 2,590 3.625 4768

560 1,36476 3510,78 k.3980 1307.697 1914,218 10.55869 2.573 30608 48_3

580 1,41009 3719,56 4.2363 1559.492 1986,158 10.68477 _,558 3.589 _917

600 1,45534 3_27.q0 4.0865 1411.015 2057,789 10.0062_ 2.546 3.573 4585

650 1.56816 _1_C.27 3,7558 1538,671 2235.583 11.09116 2,525 3,543 5163

700 1060062 4_70._5 3,4760 1665,334 741Z,22_ 11.35323 2,511 3.5_3 533_

800 1.90480 4_0_._5 3.0275 1916.783 2763.303 11,82_36 2.500 3.503 5_45

1000 2.35131 5_._ 2,4104 2417.358 $462,316 12,60180 2,496 3,_91 6224

2000 4.57331 1130_,CP 1,1997 ;969.008 7001._55 15.0_773 2.646 3063_ 0479

3000 6.25198 16_2e.q_ 0.7955 7255.567 10774.026 16.56394 2.923 3.908 10149

4000 9,01239 ?_._ 0°5997 10629.9;8 14835.191 17,52598 3,218 W*210 11533

5000 11.26175 .:_~_c._ 0._798 143_1.667 19346.560 19.76;78 3.858 4.904 12670

• TWO-PHASE 80UqOqV
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2_00 PSIJ ISOBAR

TPERM5OINAMIC PRSPEPTIES OF PARA_YDROGEN

TENPERATURE OEHSIIY V(DH/DV)}_ V(DP/OU)% -V(OP/DV) F

326. R LBICU FT BIUIL@ PSIA-CU FT/BTU PSIA

+ 33.32? 5.266?2 4?3.33 12.945 25383.02

3W 5.25_@2 475,22 12.6_1 25096.63

36 5.21803 _8C.33 12.550 2_2_0.00

38 5°18048 48_.30 12.290 23406.18

_0 5.1_198 _07,_7 12.050 _2570.62

W2 5.10256 405.67 11.033 217_4.18

_k 5.06221 k91.32 11.626 20929.13

46 5.02113 _90,64 11.477 20069,53

48 _.97880 491,68 11.283 19296.39

50 4.93552 _92.30 11,0R6 18525.56

52 k.89135 k91,95 10.896 122h2,89

5k h.8_661 W92.43 10.717 17051.0?

5b k.80089 _92.23 10.539 16351.41

58 k. T5_50 491,19 10o370 156k6.21

60 4.70?32 490,47 10.210 ]4996._0

62 4.65961 _89.69 10.0_5 1_370._1

6_ 4.61110 408.41 _.092 13752.60

&6 4.56200 487.0_ 9.73_ 13157.21

88 4.51231 _85._6 9.583 12585.55

78 4,k62t0 _83,_1 5.4k1 1203_,74

75 4.33_58 479.32 9.093 10291.68

80 _.20_83 4?5.54 8.?33 9677.83

85 k.02352 42k.12 8.319 869&.46

90 3.g_13_ 471.81 7.946 7820.03

95 3.80921 471.12 7.595 7091.77

100 3.6?05? 471.27 7.265 6461.15

105 3.55010 472.77 6.966 5939.98

110 3._Z_8Z _?5.51 6.677 5489._

115 3.30330 k80,00 6.395 5108._0

t20 3.18609 _86.2_ 6,1Zl _786.2q

125 3.0?]60 494.5_ 5.854 _517,35

130 2.96626 504.7_ 5.596 _292.56

140 Z.76710 530.07 5.108 3935.99

150 Z,50875 563.02 _.665 3690,11

160 2,429_3 _02.08 k.269 3510.43

170 Z,288_7 6k6.32 3.923 3375.T0

180 2.162_6 65_.?k 3.626 3271.56

190 2.0_5)3 750,02 3.346 3189.13

ZOO 1.9_863 803.68 3.135 ]119.99

ZZO 1.77_09 914.90 2.511 3020.3_

2_0 1,62936 1025.19 2.589 29k8.k9

260 1.50268 1131.08 2._k0 2897.06

280 1.k0391 1229.56 2.3_5 2858,38

$00 1.314_2 1319,03 2.286 28_6,92

320 1,23630 1_01.85 Z,25_ 2800.2_

3_0 1.16758 1477.32 2.2_0 2778.Z_

360 1,10653 15_7,_5 2.237 2759.02

380 1.05195 1613.08 2.2_3 Z?_1,60

_O0 1,00281 1675.88 2.252 2725.12

k20 0.95826 1737.81 2.263 2712.33

_k0 0.91901 1789._5 2.2?8 2609.33

b60 0.86232 1833.26 2.34? 2678.93

480 0.8_187 1909.56 2,308 2669.30

riO0 0.81611 1921.3_ 2.317 2660.3_

$20 0.78672 2033.92 ?.32_ 2651.99

5_0 0,25795 2106,11 2.330 2653.83

S60 0.73273 2170.17 2.333 2645.72

_80 0.20517 223k.77 2,335 2638.10

600 0.68713 2300.21 2.336 2630.93

650 0.63?69 2k66.53 2.333 261_.21

708 0.59S02 2632.C6 2.326 2600.55

800 0.52k_9 2982,16 2,30? 2577.0k

1000 0.42529 3_83.02 2.271 2543.05

2000 0.21866 ?_85.15 2.073 2472.19

3080 0,1_723 11966.75 1,850 26_8.03

4000 0.110_6 17095.25 1.679 2435.3_

5000 0.08080 ZkTSC,10 1.k00 2_21._7

TWD-PHSSE BOUNDRY

?* ,7 • ,',,T-_ T

.+..+AL PAGP .r,'!.
_,,r', _"L;(_!:+._g:%t:.'_'_

( Zb

(DV/OT]/V THERMAL VTSCO31TY THFRMaL gr. ELECT RT_ PRANDTL
CONDUCTI #I IY DIrFUS IVITY CONSTANT HUM BEP

IIOEG. R BTU/_I-HR-R L._IFT-_EC 59 FT/HO

X 13

0.003]969 0,0209_ _,396 0.0083_ 1.27760 1.9554

0.0034358 0.071_9 2,302 0.008_ 1.27691 1.8821

0.0035523 0.07474 _.960 O.ooe3q 1._?_8_ 1.6928

0.00366g9 0.027S3 1,_64 O.OOBk_ 1.2226_ 1.5326

0.00320_S 0.080]3 1.704 I),00_6 1.2705g 1.4103

0,0035090 0,082_2 1,_?0 3.0084_ 1.26_25 1.3143

0.0040305 0,08389 1.457 3.00_3T 1.265q_, 1.238W

0.0041812 0.08_10 1.361 0.00826 1.26362 1,1513

0.0043014 0.08596 1.278 0.0081_ 1.2612_ 1,1316

0.00442]3 0.08657 1.205 0.0080_ 1.2587_ t.0911

0.00455_3 0.08697 1.141 _.007_ 1.2562_ 1,0581

0.004665? 0.08718 1.085 0.00/83 1.25375 1.0291

0.0047865 0.08687 1.03_ 0.0076_ 1.2_118 1.0100

0.0049183 0,08644 0.98q 0.00753 1.24856 0.5952

0,0050_11 0.08q_3 0.948 ].00235 1.2_591 0.9024

0.005162? 0,08538 0.511 0.0072_ 1.24323 0.9716

0.0052876 0,08_75 0.878 0.0071P 1.2405! 0.9697

0.0054122 0,08408 0,842 Q.00695 1,23776 0,955S

0,0055357 0.08336 0.818 0.00687 1.23_g_ 0.9493

0.0056603 0.08261 0,791 0.00677 1,23218 0,9_39

0,0059_38 0.08063 0.733 3.00653 1,22_0_ 0.9325

0.0062175 0.07858 0,684 0.00632 1.21T89 0.9260

0.006_22_ 0.07655 0.6_I 0,0061_ 1.2106_ 0.9253

0.0062173 0.07_59 0.604 0m00557 1.2033_ 0,5243

0,0069024 0.07274 0.57? 0.005R_ l._qEt_ 0,9209

0,00T0563 0.0T102 0.54W 0.00581 1.18899 0.9172

0.0021_88 0,06947 0.520 0.00525 1.18200 0.9105

0.0072114 0.06830 O,&�q 0.005_? 1.17522 0.9017

0,0072325 0,067W0 0.481 _.00580 1.16866 0.8917

0.0072149 0.06668 0.466 0.0059? 1.16236 0.8818

0.0071559 0,06609 0.452 3,0060_ 1.1563_ 0.872_

0,0070655 0,06_61 0.442 3.0062_ 1,15061 0.8640

0.00682_6 0.06_76 0.425 3.00647 1.14003 0.8546

0.0065027 0.06536 0.41_ 0.006q0 1.13061 0.8351

0.0061601 0.06669 0.408 0.907_0 1.12727 0.8158

0.0058217 0.06825 0.40_ 0.0025_ 1.1148_ 0.802%

0.0055018 0.068T7 0.402 0.0083_ 1.10833 0,8036

O.005ZOT2 0.07210 0,417 Q.00901 1.tOZ4_ 0.8042

0.0049392 0.0T518 0,421 0.009T2 1.09726 0.80%0

0.004_604 0.08062 0.436 Q.0111_ 1.0882q 0.7937

0.0040581 0.0851_ 0.447 0.01256 1.08088 0,7855

_.0037151 0.08881 0.456 0.01_0_ 1.02_69 0.7764

0.003_227 0.09170 0.46k 0.01552 1,069k? 0.7672

0,0031225 0.09393 0,_72 0.01T07 1._6490 0. T582

0.002g5_5 0.09564 0.480 0.0186_ 1.06056 0.7498

0.002?655 0.09699 0.488 0.0203_ 1.05750 0.7418

0.0026045 0.0980? 0,497 0.02199 1.05k44 0,7345

0.0024590 0.09859 0,505 0.0237_ 1.05171 0.7279

0.0023301 0.09986 0.513 0.0255_ 1.04925 0.7220

0.0022129 0,10020 0.521 0.0273_ 1,04702 0. T166

0.00212_5 0*10%51 0.530 0.02505 1.0_511 0.7137

0.00207_8 0.10250 0.538 0.83054 1.0_324 0,T189

0.0019488 0.10349 0.54? 0.03280 1,C4153 0.7078

0o001870& 0o10_56 0,555 0o03_T5 1.0399_ 0.T051

0.001758] 0,10521 0.56_ 0.036?] 1,0384_ 0.7029

0.00122]? 0,10691 0,5T3 0,0388_ %.03?07 0.?003

0.D016623 0.10821 0.582 O.040q_ 1.03582 0.6905

0.0016058 0.10555 0,591 0.04303 1.0346_ 0,6968

0.0015532 0.11096 0.600 0,04520 1.03]_ 0.&954

0.0014364 0,1146_ 0,622 0.05074 1.0311 _ 0.6925

0.0013366 0.11854 0,64_ 0.D_6_4 1._?_02 C,690_

0,0011240 0.12623 0.651 0.0685_ 1.U255_ 0.68??

0.0009_78 0.14354 0,782 0.0966_ 1.0206_ 0.6845

0,0004053 0.2T727 1.211 0o3491C 1.01055 0,5710

0,0005266 0,39280 1.593 0.68260 1,0071_ G.5205

0,0002462 0.520]q 1.941 1.1141_ 1.00537 0.5654

0,0001981 0.T580_ 2,269 L.?40_q 1.00W_q _.5285
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2600 PSIA ISDBAR

TEMPERATURE VOLUME

9EG. R CU FT/LB

33.9W1 0.18880

3_ 0.18803

36 0.19011

38 0.19143

_0 0.19281

k2 0.19_23

_4 0.19572

46 0.19525

48 0.19885

50 0.Z0050

52 0.20223

54 0,Z0401

56 0.20585

58 O.ZOllb

60 0.20912

62 0.21175

64 0.21386

66 0.21503

68 0.21827

70 0.22058

75 0.2Z661

80 0,23321

85 0,24021

90 0.24769

95 0.25565

100 0.26407

105 0.27E93

110 0.28221

115 0.29[86

120 0.30186

125 0.31217

130 0.32276

1_0 0,34462

150 0.36r14

160 0.39008

170 0.41325

180 0.43650

190 0,45976

_00 0.48300

220 0.52935

240 0.575_4

260 0.62113

280 0.66638

300 0.71121

320 0.75567

3_0 0.79062

360 0.8k330

380 0.08665

400 0°92¥74

420 0.97255

440 1.01511

460 1,05147

480 1.09586

500 1.14030

520 1.16262

540 1,22758

560 1o26955

580 1.31143

600 1.35323

650 1,45544

TOO 1.56132

600 1,76034

1000 2,18061

2000 4.23177

3000 6.2197_

_000 8.32_25

5000 10._0_9

• TWO-PHASE BOUNDRY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

[3OTHERM ISOCMORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CU rT-PSIA/L8 PSIA/R BTUILB BTU/LB 8TUILB-R

W_6R.83 8&,9057 -126.265 -35,369 1.27396

4966.12 86.9873 -126.188 -35.224 1.27676

4839.75 86.9610 -123._95 -31.968 1.37125

4T13.29 66.7829 -120.665 -28.520 1.6644_

_58_.9_ 86.4621 -117.762 -2_°935 1.55638

_61.05 86.0086 -114.730 -21.216 1,64710

4]35.95 85.4321 -111.595 -17.367 1.53662

4212.02 8_.1418 -108.358 -13.390 1.62699

407_.61 8_.2556 -105.023 -9,288 1.91228

3962.18 83.308k -101.588 -5.055 1.99869

3043.77 82.2269 -96.056 -0.6qZ 2.06424

3719.95 81.0641 -9_.439 3.761 2.16866

361_.4k 79.8250 -90.739 8,365 2.2520_

3505.21 7_.5361 -86.953 13.051 2.33457

3389.14 77.2197 -83.090 11.861 2.31611

3?90.90 /5.8862 -79.151 22.597 2.49652

3191.k9 74,4920 -75,133 27,030 Z.57660

3093.27 13,0554 -71.047 32.961 2.65556

2995._9 11.5819 -66.89_ 38.193 2.73364

Z_09.52 10.0828 °62.681 43.515 2.81081

2598.26 66.2687 -51.908 51.222 2.99969

2509.51 62.4309 -40.826 71.453 3.16355

2338.54 58.6500 -29.668 85.963 3.35956

2165.70 54.9867 -18.010 101.230 3.53393

2051.72 51._590 -6,133 116.96_ 3.70359

1942.41 _8.1195 6.027 133.165 3.67018

15_8.02 _4.9969 18.161 1_9,586 _.03061

1772.06 42.0969 30,_05 166.277 4.18570

1108.11 39,6263 42.690 163.204 _,33616

1656.55 36.9687 55.016 200.3_8 _._6210

1_15.66 3_.7117 67.390 217.682 4,62366

1587.01 32.6_77 19.805 235.200 _.26104

1551._ 29.0329 104.792 220.711 5.02_16

15ke.88 26.0188 130.058 306.818 5.27327

1549.2_ 23.4966 155.706 363.51) 5.51007

1572.89 21,3797 181,8kk 380.803 5._3613

1604.46 19.5950 206.555 418,T0_ 5.95256

1642,38 18.0806 236.506 452.855 6.16_32

168k.33 16°5808 264.674 _97,21_ 6.36607

1778.36 14.6737 322.930 5/7.785 6.7_992

1880.57 13.0347 383.339 660.366 1,10909

1989,51 11.7235 445.169 _44.212 ?._4_7_

2100.58 10.6510 507.741 828.568 7.55722

2213.56 9.7617 570.329 912.TkO 8.047P1

2327,32 9.0083 632._63 996,299 8.31746

2439.60 8.3670 693.838 1078.612 8.56723

255_.57 7.8113 754.191 1160,196 8._9991

Z665,31 7.3256 813.436 1260.317 9,01652

2777.74 6.8977 871.554 1319.1_? 9.21066

2888.56 6.5187 9Z8.576 1396,811 9,4082_

2998.76 6.1795 984,581 1423,305 9.586Z0

3109.60 5.8730 1039,649 15_0.T65 9,15394

320_.k0 5.6280 1093.900 1622._65 9.91058

3313.98 5._002 1167.58_ 1696.585 10,06203

3425.11 5.1751 1ZOO.?Z? [?T0.100 10.Z0633

3558.86 _.9612 1254o344 1845,361 10.3_603

366_.20 _,7_06 1306.515 1917,_37 10.;7795

3?77.27 4.5946 1358.380 1969._66 10,60419

3686.09 4,3316 1409.969 2561.480 10°72581

4157,2_ _.0T20 1531.169 2239._SW 11.01101

4427.27 3.7680 1666.553 2416,249 11.27330

4965.06 3.2810 1916.192 2?67,559 1[,242?4

6035,20 2,611_ 2_17.01_ 3466.069 12.52252

11359.k6 1.299k 4969.063 _006,445 14,966?9

16619.28 0,8661 7755,702 10779.002 16,48502

21999.9_ 0.6696 108_9.226 lk339.339 17.64682

2T321.30 0,5197 14331.082 193k0.312 19.66338

Cv CP VELOCITY

OF SOUND

BTU / LB -R FTISEC

1,276 1.615 5403

1.215 1.617 5_02

1,312 1,689 5351

1.3k6 1.556 53_0

1,318 1.626 5308

1,406 1,892 5255

1.431 1.957 9260

1.455 2,020 5205

1.477 Z, Oeq 5170

1.497 2.169 5133

1.516 2.206 S09k

[.532 2.26_ 5050

1.5k8 2.322 5013

1.56_ Z.378 W922

1,575 Z.k34 _927

1,587 Z.487 _889

1o 597 2,539 _8_g

h60_ Z. 591 4807

1,615 Z. 640 k765

1,621 2.685 47Z6

1.632 Z.194 _625

1.6_; 2.896 _525

1.667 3.003 4618

1.684 3.096 6316

1.699 3.163 _220

1.714 3. 253 _133

1.725 3. 312 4054

1. • 39 3.362 3963

1,752 3,408 3918

1.779 3._49 3858

1.805 3.487 3603

1.8 35 3. 520 3755

1.908 3.58 1 3673

1.995 3. 640 3609

2.OgZ 3. 699 3562

2.196 3.759 3531

2.303 3,8Z2 3813

2.428 3.908 3500

2.529 3.973 3501

2.707 W,089 3528

2.861 _.171 3576

2.930 _.21_ 3640

2.977 _.221 3714

2.990 _,200 3795

2,977 4,157 3880

2.948 _*103 3966

2.900 _,041 4054

2.663 3.977 41&1

Z* 818 3.914 _226

2. _ 73 3. 855 4313

2, ? 32 3, 801 4397

2,654 3, 751 4476

2,6&2 3.721 4554

2.636 3,693 4640

2.610 3.663 4719

2.592 3.634 4608

2.575 3,612 4662

2.561 3.593 4955

Z.549 ),577 5027

2.526 3.546 5199

2.513 3.526 5365

2,501 3.505 5628

2.491 3.492 6253

2.647 3.632 8499

2.923 3.908 10165

3.216 4.207 11547

3.838 _.881 12666
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2600 PSIA I$3BAR

THERMODYNAMIC PROPERT|ES OF PAROHYOROGEN

TENPER&TURE DENSITY V(OH/DVlp V(OP/OU) V -V(OPIDV_

3(G. R LB/CU FT 8TU/LB PSIA-CU FT/BTU PSIA

33,9_1 $.2967t 408,65 12.894 26323.76

3W 5.29568 k88.83 12.885 26298.96

36 $.26019 49_.41 12.597 25_58,04

30 5.22581 498°90 12.338 24621,27

40 5.18655 502,57 12.100 23790.39

4Z 5.14842 505.25 11.886 22967.34

44 5.10943 507.42 11.681 22154.26

46 5.06961 508.98 11.490 21353.32

40 5,02898 508.31 11.350 20511.24

50 4.98T43 509.77 11.157 19761.06

52 4,94485 510.48 10,971 19006.87

54 4.90172 509.97 10.795 18234.13

5S 4.857+4 510.82 10.617 17550.74

00 4.01334 510.80 10,446 16871.78

60 4.76819 509.46 10,285 16160.08

62 4.722_9 509,_0 10.128 15541,22

64 4.67594 508,71 9.976 14923.22

66 4.62094 507.r7 9.823 14318.56

68 k.581W3 _06,51 9.676 13732.81

70 4.53350 505.k1 9.538 13190.29

T5 4.41171 501.85 9.202 11903.94

80 4,287_6 _99.10 8.854 10760.68

85 4.16292 498.50 8._50 9735,28

90 4.03736 497.25 0.087 88Z4.45

95 3,91167 496,46 7.741 8025.66

100 3.78680 497,28 7.414 7355.54

t05 3.66388 498.41 7.118 6770.qZ

110 3.5q349 501.45 6.830 6279.29

115 3.42634 505,88 6,549 5852.56

120 3.31282 512.05 6.273 5407.07

125 3.20333 519.94 6.003 5175._4

130 3.09823 530.07 5.742 4916.93

140 2.901T2 555.25 5.244 4501.84

150 Z.72374 587,12 _.786 4196.94

160 2,56356 625.21 4.381 3971.57

170 2.41985 669.12 4.023 3806.11

180 2.29096 717.05 3.714 3625.7_

190 2,17507 772.14 3.424 3572.30

200 2.07039 025.72 3,205 3467.21

220 1.88911 936.10 2.870 3359.53

240 1.737F9 1045.68 2.640 3268.03

Z60 1.60907 1151,23 2.405 3203.05

200 1,50085 1_49,00 2.384 315_.24

300 1.40606 1338.97 2.322 3112.39

320 1.32333 1421.26 2.286 3079.81

340 1.25060 1496,12 2.270 30_0.96

360 1.18582 1566.06 2,265 3026.90

380 1,12784 1631.93 2.269 3006,04

_00 1.07SST 1695.43 2.276 2987.65

420 1.020_2 1756,60 2,286 2970.07

440 0.98512 1817.02 2.296 2R54.12

460 0.g4066 10r8.13 2.305 2940.62

400 0.91086 1928.63 2.322 2916.95

SO0 0,87696 1987.53 Z.338 2906.23

520 0,04BS0 Z050.13 2,34S 2896.26

540 0.81481 2123.72 2.350 2899.09

S60 0.78768 2187.75 2.352 2889.30

$00 0.76253 2252.34 2.353 2880.28

600 0.73897 2317,78 2.3S3 2871.72

600 0,60613 2404.11 2.349 2852.41

700 0.64040 2653,6_ 2.341 2835,60

000 0056550 2999.84 2.320 2807.75

1000 0.45859 3200.82 2.281 2767.6T

2000 0.23631 7_03.69 2.078 260_.33

3000 0,15924 11980,30 1.861 2656.04

4000 0.12006 17104.69 1,683 2641.29

5000 0.09611 24663.21 1.409 2625,92

• TMO-PNASE 8OUMORY

C _ 2 b

(DV/OT_/V THERMAL VISCOSITY THERMAL D[ELECTRIC PR&NDVL
-- CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

I/DEC. R BTU/FT-NR-R LB/FT-SEC SQ FT/HR

x 105

0,003304_ 0.07277 2.453 0.00851 1,27931 1.9591

0.0033076 0.02286 2.444 0.00852 1.27925 1.9526

0.003_159 0.07582 2,181 0.00853 1.2T723 1.7489

0.0035247 0.07902 1,969 0.00060 1.27515 1.5776

3.0036343 0.08162 1.796 0.0086? 1.27303 1.4469

0.0037448 0.08370 1.652 0.00R59 1.27086 1.3443

0.0038562 0.08536 1,531 0.00854 1.26864 1.2632

0.0039686 0,08663 1.427 0.0084_ 1.26638 1,1901

0.0041088 0,08758 1.339 0.00834 1.26402 1.1492

0.0042158 0.08826 1.261 0,00823 1.26171 1o105T

0*0043262 0.08871 1.193 0.00812 1.25930 t*0695

0.0044_57 0.08898 1.134 0.00801 1.25607 1.0390

0.00_5_62 0.08872 1.080 0.0070_ 1.25439 1,0182

0.0046549 0.08834 1.033 0.80772 1.25186 1.0008

0,0047784 0.00787 0,990 O. O0?ST 1.24934 0.9874

0.0048829 Q.08736 0,951 O. O0?_k 1.24676 0.9700

0.0049917 0.08677 0.916 0.00731 1.2_410 0.9648

0.0051021 0.08613 0.883 0.0071_ 1.24151 0.9S65

0,0052125 0.08545 0.853 0.00706 1.23885 0.9494

0.0053132 0.08k73 0.826 0.0009_ 1.23617 0.9424

0.00556?0 0.08282 0.765 0.00672 1.22937 0,9296

0.0058018 0.08084 0.714 0.00651 1.22250 0.9214

0.0060245 0,07886 0.671 0.00E3t 1.21557 0.9196

0.0062312 0.0?695 0.633 0.0061_ 1.20864 0*9174

0.006_110 0.07513 0.600 0.00603 1.20173 0.9149

0.0065419 0.07344 0.571 0.00_96 1,19489 0.9t0_

0.0066496 0.07189 0.546 O.OOY�Z 1.18819 0.9051

0,0067041 0.0?0?2 0.524 0.00094 1.10164 0.8462

0.006?366 0.069?8 0.505 0.00_98 1,17930 0.8873

0,0067364 0.06890 0.488 O.O060N 1.16917 0.8789

0.00670?0 0.06836 0.474 0.00612 1.16329 0.8707

0.0066399 0,06786 0.N62 0.0062_ 1.15765 0.8629

0.0064441 0.06697 0,443 0,00645 1.14727 0.6536

0.0061995 0.06749 0.431 0.00681 1.13774 0.8361

0.0059162 0,06874 0.422 0,00725 1.12929 0.8181

0.00561_1 0.07021 0.417 2.00772 1.12125 00804S

0.0053309 0.0?062 0.413 0.00806 1,11501 0.80S1

0.0050613 0.07391 0.424 0.00869 1.10898 0,8065

0,0048121 0.07692 0.432 0.00935 1.10355 0.8038

0,00436?8 0,08221 0._45 0.01064 1.09419 0.7976

0,0039885 0.08656 0.455 0.01194 1.06643 0.7099

0.0036601 0.09007 0.464 0.01328 1.07989 0,7010

0.0033791 0.09281 0.4T1 0.01465 1.0T433 0.7717

0.0031364 0.09_92 0.479 0.01608 1.06953 0.7625

0.0029249 0,09653 0,_86 0.01755 1.06535 0,7535

0.002T42_ 0.09779 0.493 0.01906 1,06168 0.745_

0.0025806 0.09881 0.501 0.02062 1.05842 0.7378

0.00243?0 0.09968 0.509 0.02222 1.05551 0.7306

0.0023087 0.10050 0,517 0.02387 1.05289 O*?ZqS

0.00_1948 0.10131 0.525 0.02556 1.05052 O.?tgO

0,0020918 0,10215 0.533 0.02728 1.04036 0.71_0

0.0019972 0.10306 0,541 0.02905 1.04640 0.7093

0.001925_ 0.10_03 0,550 0.03069 1.04466 0,7080

0.0018081 0*10509 0.558 0.03245 1*04297 0.7005

0.0017868 0.L0622 0.$67 0.03429 L.04141 0.7040

0.0012113 0,LOT42 0.5T0 0.03628 1,03988 0.7013

0.0016511 0,1087! 0.585 0,03821 1.03854 0,69g4

0.0015452 0.1100_ 0.5q4 0.04017 1.03729 0.6976

0,0015432 0.11145 0.603 0.04217 1.03013 0.6961

0*00142_6 0,12514 0,&25 0*04732 1.03351 0*6931

0.0013288 0.11905 0,6_8 0.05271 1.03126 0,6909

0,0011605 0.12727 0.694 0.0642_ 1,02756 0,6080

0.0009435 0.14_18 0.786 0.09004 1.02231 0.6850

0.0004891 0.22227 1.218 0.3230_ 1.011_5 0.5744

0*0003261 0.39279 1.603 0*63111 1.00771 0,$7_2

0.0002459 0,51979 1.955 L.0292_ 1.00581 0*5696

0.00019?9 0.r5252 2.286 1.60405 1.00465 0.5338

W
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¢:-2b

ZBO0 DSIA I$38&R

TEMPERATURE VOLUME

)EG, R CU FT/L8

" 3_,5_6 0,18?76

35 0.15565

38 0,18992

10 0.19123

;Z 0.19259

44 0.19000

46 0.195_6

48 0.19690

50 0.19051

52 0,20010

5_ 0.20186

56 0.20359

58 0.20539

60 0.2072;

62 0.20915

64 0,21111

66 0,21315

60 0.21524

70 0.2[739

75 0,22_0T

80 0.2Z%11

05 0.23551

90 0.2;2;3

95 0.26970

100 0*25730

105 0.26565

rio 0.2730T

11s 0.20263

120 0.29170

125 0.30105

130 0,31066

160 0.33052

150 0.35103

160 0.37198

170 0.39321

100 0.4145&

190 00;3599

200 0.k5/42

220 0.50323

260 0.5420;

Z60 0.56_L9

Z80 0.62720

300 0,66883

320 0.71012

3;0 0.75103

360 0.79161

300 0.83196

600 0,87197

120 0,91170

640 0.95133

;60 0.99069

480 1.02984

500 1.06r41

920 1.10579

5;0 1,11§95

660 1.18796

580 1.22688

bOO 1.26572

650 1.36256

100 1,19906

000 1.65138

1000 2.03;28

2000 3.93097

3000 S.84063

4000 7.7;365

5000 9,66974

" TWO-PHASE BOUNORV

TMERHOOfNAMIC PROPERTIES OF PARAHYOROGEN

ISOTHERM I$OCMORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CU :T-PSIAILB PSZAIR 8TUIL8 8tUlt_ BTUILB-R

5117,66 07,7415 -125.568 -28.t97 1,27902

5_27,57 87,7602 -173,615 -25.801 1.3_773

4903._6 87.626; -120o_57 -22,307 1,64002

477g,35 87,36Z1 -117.989 -18.83_ 1.$3103

4655,5_ 86.96_8 -115,011 -15.158 1,62001

4532.28 86.4;80 -111.938 -11.350 1070936

4410.00 0_.8181 -100,761 -7,k16 1.79675

6_89.0_ 05,08_9 -105.696 -3,$6_ 1.88301

1169.83 04.2561 -102,131 0.811 1.96823

4047.33 83,57_6 -9&,669 5,119 2.05271

3933.55 02,4805 -95,123 9,538 2,13610

3021,6_ &h3126 -91,49_ 14,06_ Z.21861

3709,89 00.0706 -87.7_6 18.705 z.zggs2

3604.28 78,7857 -84.001 23.450 2.30025

3486.08 77.668_ -80.162 2_,Z97 2.45972

3392.67 76,1470 -76.213 33.2;6 Z.53828

3296.83 76,7753 -72,211 3_.303 2.61609

3201.66 73.3688 -60.1;5 ;3.654 2,69297

3113,_8 71.9297 -64.022 ;0,695 2,76091

2899.56 60.2197 -53.178 62.171 2,95186

2708._0 64.5306 -42,633 76.157 3,13535

253_,_7 60.8507 -31,715 90.622 3.30616

2381023 57,2668 -20,30Z 105,393 3.47927

221P.68 53._112 -8.667 120,797 3.64503

2120.14 S00197@ 3.261 136.708 3080908

2021.00 17,3781 15,Z00 152.830 3,96639

191C,96 4_.4650 27.226 169,223 ;,11090

1671,39 11.7671 39.326 105.865 ;,26605

1812.97 39.2772 51,4g2 202,733 6.11062

1165,53 36.9702 63.724 210815 ;.54903

1736.C4 34.8625 76.022 237,096 ;.60542

1682.23 31.1270 100.866 272,216 ;09;566

1660.84 27,9820 126.03Z 308.033 5,19277

1659.91 25.3273 131,670 361.536 5.12033

1614.67 23.0010 177.065 3810717 5.65372

1700,67 21.1719 Z0;.626 419.579 S.07012

1733.11 19.5435 232.665 158.721 6.08164

1770.89 18.143; 260,925 _98,089 6028343

1557,60 15.8685 319.370 578,737 6,G6770

1955.04 1;.0996 37g,909 661.145 7002729

Z059,37 12,6011 ;42.030 715,441 7,36361

2168.20 11.5213 504.815 030,010 7.67680

2278,51 10.55_; 567,608 91k.307 7.96009

2390.13 9.7397 629,959 998,147 0,23849

2502.80 9.0118 691,508 1080.905 8.48900

2611.81 8.4379 752,045 1162.500 0.72228

2726.18 7.9112 011,167 1212.016 8,939;2

2037,47 7.4677 869,751 1321.855 9,14222

29;8,31 7.0358 926.935 1399,678 9,33206

3057.60 606677 983.095 1176,343 9.51062

3167,69 6.3362 1038,311 1551,972 9067853

3276,87 6.0378 1092.695 1626.652 9,0372;

3360,60 5,7791 1146.311 1699.762 9,98665

3679,80 5.5597 J199.401 1773.256 10,13093

3617.05 5,3;98 1233,12; 1048.830 10.27184

3726,22 501435 1305.369 1921,307 10.;0313

3835.13 4.9532 1357.301 1993.121 10062991

3943,80 4.7770 1600.957 2065.Z15 10,65127

1216,60 4.380; 1936.898 22;3.363 10.93675

6484.36 6.0600 1663.801 2;20.303 11.19926

5321._; 3.93;; 191§o626 2771.838 11.66900

6090,92 2.0121 2116.692 3471,639 12.41910

11612.62 1.3992 _969.137 70110632 11,09569

16731.24 0.9325 7755.058 10784,132 16,41196

22051.21 0,6995 10028.610 16813.580 17,77353

27372.13 0.5596 I;321.693 19335.300 19.60811

CV CP VELOCITY

OF SOUND

8TU / LB-R _:TISEC

1, ZRZ 1. 622 5476

I, 309 I. 673 54_5

1.3 _,6 1.741 5425

1.375 1.806 5395

1, 603 1. 872 536;

1,130 1,935 5331

1. ;53 1o 997 5298

1.; 75 2.05 7 9_61

1,496 2. 118 5229

1, 515 Z. 181 5195

h532 2. 237 5150

1, _;;8 2.292 5119

1, 963 Z. 366 5079

1, 5 76 Z. 398 50_0

1.508 Z.453 ;996

1,5 99 Z. 50 Z ;959

1.6 09 2.551 ;920

1, 6 18, Z. 599 4881

1.626 Z. 61_ ;849

1,637 2.7;7 47_8

1. 650 Z. 045 165_

1.673 2. 948 4S51

1. E 90 3.039 4,_54

1. 706 3. 124 6359

1.7 21 3.197 ;27 1

1,733 3. 252 4195

1,717 3. 30; 4123

1. 765 3.35 1 1037

1. 707 3. 396 3995

1, 0 13 3,138 3938

1,843 $.175 3887

10916 3. 5;7 3798

2.003 3. 616 37Z7

2, 100 3.68; 3673

2.Z03 3. 752 3635

2, 3 10 30 820 3610

2. ; 34 3.908 3990

Z, 935 3. 975 3587

2.712 40 094 360;

2,866 ;. 170 36_6

2,936 k. 223 3705

_. 98_ ;. 231 377_

2.995 6.210 38S 2

2. 982 ;* 168 3934

2,953 ;. 113 4019

2,913 4,051 4101

2,660 3. 987 1190

2.8 23 3. gzk _175

2.779 3.06; 13_ 8

Z, T 37 3. 009 1460

2, 7 O0 3. 760 ;Y20

2,667 3. 715 _999

2.6 37 3.683 ;668

2, 6 13 3. 660 1752

2,595 3,639 kt%8

2, 5 78 3.617 6922

2,563 3. 591 699;

2, 5 Sl 3.581 506_

2°528 3.519 S236

2, 515 30 529 5_00

2. S 02 3. SO 7 S710

2. _ 98 3. 493 6262

2,6;7 3.633 8518

2.923 3.908 101_0

3,213 40206 11961

3.820 ;.861 12701

r
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Z800 PSIA ISOBAR

TEMPERATURE DENSIIY

)EG. R LB/CJ Fr

THERHOOYNAMIC PROPERTIES OF PARAH¥DROGEN

V(DMIDV)p @(DPIOU) V -¥(DPlDV) T (3VIDI_V THERMAL VISCOSITY IHERPAL DIELECTRIC PRANOIL
CONOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

BrU/LB PSIA-CU FTIBTU PSIA IlDEG. R BTUIFT-MR-R LBIFT-SEC SQ FTIHR

e 36.566 5,32589 503,73 12,067 27256.06

36 5,30073 508,06 12.662 26669.80

38 5.26561 513.02 12,365 25818.72

60 5.Z2926 517.10 12,168 26992.6S

62 5,19Z30 520.36 11,935 26172.86

W6 5,15656 522.96 11.732 23361,05

66 5.11601 526,95 11.562 22561.58

60 S.076rl 5Z6.51 11.361 21776,22

SO 5.03666 5Z7,87 11.180 Z1002.06

52 6.99558 527.71 11.0_0 20218.77

56 6095396 5Z0,66 10.067 19686.56

fib _.91173 S29.03 10.693 18769.9_

50 6.86801 529.19 10.573 10062.72

60 k,02536 529,79 10,361 17391,85

62 _.78133 527.75 100201 16660.10

66 60?3600 527.98 10.053 16069.67

66 6.60157 5?7.66 9.906 15667.32

60 6.66555 526.86 9.762 16876.75

70 6,59996 526.09 9.627 16371.90

75 6.68326 523,20 9.300 17999.61

00 6.36671 521.26 8,962 11023,17

65 607_500 571,73 0.567 10769._6

90 6.12697 $21.31 0.213 9822.51

95 6.00686 520.90 7.875 8073.98

100 3,88511 521.66 7,551 8237.61

105 3.767Z3 5?3.62 7.257 2626.07

110 3.65138 526.5_ 6.969 7087.18

115 3.53021 531.19 6.688 6621.36

120 3.62820 537,33 6.q12 6215,21

125 3.32168 5_5.19 6,161 5866.52

130 3.218_6 555.13 5.876 5568.96

160 3002557 529.97 5.370 5089.69

150 2.068T9 611.63 _.905 6731.37

160 2.68830 6_9.00 k.487 6662.35

170 2.563[0 692.28 6.119 6Z58.99

100 2.61200 7_0.05 3.000 q102.16

190 2,29361 796.91 30500 3975,07

ZOO 2.18618 868.29 3027_ 3071._8

Z20 1.99909 958,06 2.927 3713,52

2_0 1.06215 1067,21 ?.689 3601.68

260 1.70885 1171.92 2.520 3519.16

?SO 1.59630 1269.6_ 2.623 365609_

300 1.6951_ 1358.81 2.357 3_06.10

320 1.W0821 1660.69 2.319 3365.00

3_0 1.33151 1515.92 2.300 3332.69

360 1.26319 1585.70 2.293 3303.02

380 1.2020[ 1651.27 2.296 3226.08

600 1.16682 171_.67 Z.300 325_.07

620 1.09676 1775,97 ?.309 3Z33.58

6q0 1.05116 1836.27 2.317 3216.03

660 1.00960 1897.22 2.325 3197.65

600 0.97102 1957o95 20332 3181.92

500 0.93602 2011.39 2.339 3155.70

520 0.q0351 ?070.03 2.355 316_.03

560 0007036 7161.69 2.369 31_8.12

$60 0.86178 220S.69 2.3?1 3136.66

580 0.01508 2Z?0.06 2.371 3125.92

600 0.29006 2335.68 2.371 3115.85

650 0.73391 2501.80 2.365 3093.16

700 0.60532 28/1.37 2.356 3073.65

000 0.60556 3017.60 2.332 30_0.88

1000 0.69157 3718.66 2.290 299_.14

2000 0.25367 7522.20 ?.082 2097.36

3000 0.12121 12005.80 1.863 2866.63

6000 0.12916 17115.29 1.666 2867.65

5000 0.10342 24588.12 1.616 2830.T0

x 1_5

0.003213_ 0.07656 2.509 0.00863 1.28098 1.96_6

0.00]7926 0.07686 2.308 0.0086? 1.7Tq56 10008?

0.0031939 0.00018 2,079 0.00075 1.27752 1,6251

0.003_955 0.08287 1._97 _.OORT? 1.22566 1.6856

0.0035977 0.08506 1.732 0.0007_ 1.27335 1,3761

0.003700_ 0.006?0 1.606 0.00870 1.27120 1.78_6

0.0035017 0.08813 1._96 0.00863 1.76901 1.220Z

0.0039076 0.08916 1.601 0.00853 1.2667_ 1.16_I

0.00_0115 0.08908 1.319 O. O08_x 1.26651 1.1106

0.0061335 0.09039 1.267 0.00830 1.26218 1.0830

0.0062327 0,09021 1,103 0.00819 1.25982 1.0503

0.0063321 0.09050 1,127 0.0080_ 1.257_3 1.0275

0.00_6329 0.00016 1.077 0.00709 1.25501 1.0086

0.00_5300 0.08913 1.032 0.00776 1.25255 0.992_

0.006667r 0.08925 0,991 0.00761 1.25007 0.9803

0.00673_6 0008870 0.956 0.00768 1.Z_757 0.9685

0.00_53_ 0.00809 0,920 0.00736 1.26503 0,9590

0.0069326 0.08766 0,009 0.0072_ 1.26267 0.9509

0.00502Z6 0.086?5 0,860 0.00716 1.73969 0.9k31

0.005?502 0.08691 0.797 0.00689 1.233_5 0.928?

0.0056580 0.08292 0,765 0.00668 1.22676 0.9191

0.0056506 0.08105 0.700 0.006_0 1.2201_ 0.9160

0.005830? 0.D7917 0.661 0.0063? 1.213kt 0.9130

0.0059966 0.07738 0.627 0.00619 1.Z060S 0.9106

000061302 0.07571 0,597 0.00610 1.20029 0.9072

0.0062136 0.07_16 0.571 0.00605 1019382 0.9010

0.0062760 0.07299 0.5_8 0.00605 L018751 0.8925

0.0063000 0.07205 0,526 0.0060_ 1.10136 0.8038

0.0063195 0.07122 0.510 0.00612 1.17560 0.8762

0.006305_ 0.0?0S2 0,695 0.00618 1.16965 0.8696

0.0062602 0.06990 0._02 0.006?6 1.16613 0.8626

0.006115? 0.06909 0.662 0.006_6 1.15377 0.6535

0.0059161 0.06953 0._67 0.00675 1.16636 0.8372

0.0056758 0.070?2 0.k37 0.0071_ 1.13586 0.8200

0.005_196 0.07211 0.631 0.00756 101Z822 0.8071

0.0051612 0.0726_ 0,625 0.00786 1.1713_ 0.8060

0.0069165 0.07569 0._35 0.0086_ 1.11515 0.808_

0.0066066 0.0?866 0.663 0.00905 1.10956 0.0063

0.0062732 0.00381 0,655 0.01026 1.09906 0.8010

0.0039169 0.08801 0,666 0.01163 1.09178 007938

0.0036035 0.09136 0._72 0.01266 1.08_95 0.7852

0.0033328 0.0939_ 0.679 0.0139] 1.07010 0.7750

0.00309q6 0.09595 0._65 0.0152_ 1.0T605 0.7666

0.00?0937 0.09766 0.692 0.01660 1.06966 0.7523

0.0027132 0.09863 0.699 0.01001 1.06576 0.7687

0.00255_6 0.09958 0.506 0.019k6 1.06731 0.7600

0.002k163 0.10039 0.513 0002095 1.05973 0.2336

0.00228_7 0.10117 0.571 0.0226_ 1.05666 0.7271

0.0021759 0.10196 0.529 0.02605 1.05395 0.7213

0.00207_6 0.10275 0.537 0.02566 1.05167 0._161

000019816 0.10363 0.5_5 0.02731 1.069_ 0.7113

0.00109_5 0.10659 0.553 0.02899 1.06766 0.?072

0,0010313 0.10563 0,561 0003061 100_596 0. T068

0.00176_3 0.1067S 0.570 0.0322_ 1.0_30 0,7036

0.0016993 0.10793 0.5?9 O.03kOA 1.06265 0.702_

0.0016398 0.10927 0.587 0.03588 1.0_123 0.7003

0.00150_6 0.11056 0.596 0.03771 [.03990 0.698_

0.0015331 0.1119S 0.605 0,03657 1.03866 0.6960

0,001_180 0.11566 0.626 _.OW_3q 1.03508 0.6936

0.0013210 0.119S6 0.651 0.06963 1.03362 0.6913

0.00116?3 0.12781 0.697 0.06010 1.02q56 0.688_

0*0009393 0,16682 0.?09 0.00636 1*00393 0.6051

0.000_829 Q.27777 1.725 0.30065 1.01231 0.5???

0.0003255 0.39270 1.616 0.5069? 1.00829 0.5700

0.0002656 0.51q76 1,969 0.9566_ 1.00625 0,5730

Q.0001977 0.76757 Z.303 1.66709 1.00500 0.5390

TMO-PHASE BOUNDRY
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I

C-Zb

3000 PSZA IS3BAR

TEMPERATURE VOLUNE

3EG, R CU Fr/LB

35.142 0.18677

35 0.1072?

38 0.18869

;0 0.1B976

62 0.19104

44 0.19Z39

46 0.19378

66 0.1952Z

50 0.19_71

SZ 0.19025

56 0.19986

S& 0.20150

50 0.20320

60 0.20;95

6Z 0.20674

64 0.Z0060

66 0.21050

68 O.2[Z;F

FO 0.21649

75 0.21918

80 O.ZZS;3

85 0.Z3142

90 0.23FF7

95 0.Z4668

[00 0.25ZS3

|OS 0.25893

110 0.26665

115 0.2746T

120 0.28296

_ZS 0.29152

[30 0,30030

l;O 0.31647

[SO 0.33727

[60 0.3SbSZ

110 0.31607

180 0039581

190 0.6LS63

ZOO 0.k3568

Z20 0.47518

240 0.5148[

260 0.55424

ZSO 0.59340

300 0063225

320 0.67076

340 0.70899

360 0.7;693

360 0.78;59

400 0.8Z190

420 0.85916

kkO 008951Z

460 0.93288

680 0.96943

500 1.00586

520 1.04205

skg 1.06066

560 1.11727

$80 1.1536Z

600 1.18990

650 1.28033

?00 10370;5

800 1.55000

1000 [.90?45

?000 3.68518

]000 5.;6002

_000 T.Z3S08

5000 9.03299

* TNOoP_ASE BOUNORY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

[SOTHEUH ISOCHORE INTERNAL ENTHALPY ENTROPY
DE_IVATIVF 0ERIVATIVE ENERGY

CU FT-PSIA/LB PSI_/R B/UILB BTU/LB 8TUILB-R

5263,18 88.4898 -i_6.813 -21.062 1,28556

5211,00 88.5061 -123.685 -lq.651 [.3ZSZI

5089.1_ 88._355 -120.975 -160Z68 1,41666

6967.18 88.2221 -118.158 -12.?5_ 1,50682

4845.32 87._773 -11_.236 -9.107 1.59573

;723.89 87._118 -112.Z15 -5.538 1.60340

k_03,2! 06.8358 -109.097 -1.6_7 1.76987

;_83.62 86,1581 -105,887 Z.564 1,855Z1

4365,51 85.3869 -102.586 6.69_ 1.93948

6Z;9.Z7 84.5293 -99.195 100938 2,02272

4132.22 83.8101 -95.712 15.333 Z.10528

;022.26 82.T041 -92.150 19.789 2,18667

3916.01 81.5297 -88.510 Z4.37Z 2.26700

3804.84 80.2959 -860796 29.056 2.36647

3702.88 79.0151 -81,010 33,8k0 Z.42492

3599.66 ?7.7101 -77,t_5 30.?25 2.50Zk5

3k92,76 76.3936 -73.Z35 63.703 Z.5T905

3400,22 75.0402 -69.Z_? 48.785 2.65490

3312.28 73.6631 -65.203 93.949 2,72975

3098,00 70.1059 -54._65 6F.Z28 Z.9_295

Z902.80 66.4951 -64.Z31 80.997 3,09066

2729.33 67.906; o33.5Z6 95.03; 30Z6069

Z571.79 59,3978 -EZ,3Z8 [09,758 3.42899

Z433.;1 56.0026 -10.907 1Z;.906 3.59275

2307.36 52.7618 0.810 160.539 3.75317

2199.21 ;9.6323 12.55; 156.394 3,90708

Z110,19 46.7173 2;.600 17Z0530 6.05800

2033.40 63.9914 36.333 188.918 4,20369

1971.02 41.4696 ;8.347 2050539 4.3;5[6

1917.41 3901383 60.444 ZZ?.386 4,482T0

1873.49 36.9?83 72.629 Z39.452 4.61657

1813.91 33.1;56 97.281 Z74.199 4.0740W

178;.37 29.8848 122.369 309.722 5.11910

1774.40 27,1138 167.964 346.01R 5.35333

1761.10 24.7509 174.149 383.063 5.57789

1800,03 Z2.7280 200,976 420.855 5.79388

1828.02 20.9931 Z_9.083 659.971 6.005Z7

1_61.04 19.4963 257.619 _99.334 6.20703

1941.04 17.0568 516.035 560.008 6.59143

2031.06 15.1571 376,823 662.810 6.95162

2332.10 1306364 439.048 746.938 7.28626

Z_3_.69 [203868 SOZ. 020 8310665 7.60232

2345.T6 11.3487 565,000 916.ZZ5 7.89396

Z455.38 10.4702 627.534 1000,165 8.16494

Z565.63 9.7183 689.Z6Z 1083,119 8.41605

2677.32 9.0670 7;9.972 1164.907 8.66988

2?88.32 8,4965 809.561 1_650414 8.0675;

Z89_.35 7.9981 860.005 132;.638 9.07079

3008,26 7.5538 9ZS.3;5 1;0_.626 9.26105

3118.24 7,1566 981,656 1_79.465 9,43902

3227,;0 6.7989 1037.021 1555.ZS6 9.60829

3335,32 6.6779 1091.$42 1630.079 9.76730

3;43.55 6.1847 1145.316 1704o088 9.91852

3551.99 5.91F7 1198.431 1717.308 10.06224

3675.64 5,7386 1251.941 1852.368 10020196

3784.79 505167 13040260 [92;.926 10.333_1

3893.S0 5.3120 1356.262 19970[22 10.45995

4002.00 5.122S 1407.977 2068.992 10.58103

4272.39 6.7049 1536.057 ZZ47.307 10.66758

4541.00 ;.3521 1663.076 2;24.387 11,13029

5078.;6 3.?676 1915.085 2776.140 13o50033

6146.7; 300133 2;160390 3;76.014 1Z.30074

11460._6 t,4988 ;969.230 70160416 14.82769

18762.6; 0,9990 r756.033 1078901F5 16.3;394

Z2102.05 0.7;93 10828.115 148;70895 17,?0532

ZF422.69 0.5995 14313.30Z 19331.299 19.53810

CV CP VELOCITY

OF SOUND

BTU I LB -R FT/SEC

1.291 1.628 5546

1.306 1.658 5535

1,34[ 1.725 5507

1.373 1.791 54F9

1.401 1.854 5649

1.428 [.915 5419

1.652 1.976 5387

L.; 7_ Z. 035 5355

t. 495 Z. 09; 5321

t.515 20 151 5287

1.5 32 Z. Zl 1 5256

1.548 Z0264 5ZZO

1.564 2. 317 5183

1.577 Z.368 5345

1.590 Z.417 5107

1.601 Z.466 5068

1.611 _.516 50_7

1.620 Z.562 4990

1.627 Z.606 _955

1.661 _0 705 4864

1.65_ Z, 801 4772

1.679 2.901 667;

1. 696 Z. 989 4S62

1.713 3. 068 6496

1.728 3.[40 _408

1.760 3.200 4329

1,755 5.253 _257

1.773 3. 302 4189

1o7_ 3.367 4127

1.820 3. 392 4066

1.851 3.635 4014

1.923 3.516 3919

20010 3.591 3843

2,107 3. 667 3783

2.210 3.762 3737

20316 3.815 3706

20441 3.906 3681

2.561 3.976 3673

?.718 4.096 3682

2.852 ;.184 3716

2.942 6.230 3770

_.987 _.240 3835

3.000 4.219 3909

_.988 4.1?8 3908

2.958 6.123 6070

2.919 ;.061 41_4

Z.87; 3.996 4238

Z.028 3.933 43Zl

2.784 3.873 _603

_0743 30017 4684

2.706 3.767 4563

_.672 3.723 4660

2.663 30683 4P15

_.618 3,648 4F89

2.597 3.644 4686

2.580 3.621 4961

2.565 3.601 5032

2,553 3.586 5102

Z.530 3.552 5272

2.516 3.531 5434

2,504 3.509 $743

Z.499 3ok94 6310

2.6;7 3.633 8S38

2.923 3.908 10195

3,21[ ;.202 115F5

3.804 6.863 [Z716

r

L
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THERMOOYNAMIC PROPERTIFS OF PARAHYOROGEN (: 2h

3000 PSIA IS�BAR

TEMPERATURE DERSITV

DEG. R LB/CU FI

V()HIOV)p V(OP/OU)v -V(DPIOV) T (OV/DT_/V THERMAL VISCOSITY THERMAL OIELECTRIC RRANDTL
CONOUCTIVIIY PIFFUSIVITY CONSTANT NUWBER

8IU/LB PSIA-CU FT/BTU PSIA 1/OEG. R BTU/FT-HR-R LB/FT-$EC SQ FT/HR

35,142 5.35430 518.60 12.804 20100,69

36 5.33900 521,23 [2,687 27025,69

30 5.30544 526.71 lZ.430 27000.19

;0 5,27030 531.35 [2,194 26170.50

;2 5,23;k0 534,96 11.982 25367.36

4; 5.19776 538,04 11,780 24553.b4

k6 5.16039 5;0,45 11.592 23754.33

q8 5.12231 5;2,;1 11.;11 22966,;7

50 5.08353 5;4.17 11.232 22192,18

52 5.0;;08 5;5.50 [1.062 21;33.63

54 5,00355 545.45 10.933 20675,76

56 k,96288 5;E.54 [0.783 19961,16

58 4.92125 547,32 [0.596 J9261.80

60 4,87933 547,;4 10.;35 18565.0;

62 ;,0360& 5;7.80 10.Z76 17910.39

6; ;.7939Z 557.56 10,126 12255,53

66 ;,75056 5;6.55 9,979 16592.5;

60 4.70653 5;_.34 9.839 16003.2;

70 k.66227 545,95 9.709 15;;2.75

75 k.5;597 5;3.93 g,390 [;096.18

80 ;,;3606 5;Z.;5 9,060 1Z876,98

85 ;,32109 5;3.84 6.673 11793,66

90 4.20574 544.27 0.326 10816,20

95 ;,090]5 545.22 7.995 9953,61

100 3.97568 5;6,19 7,677 9173.25

105 3.86205 547,b6 7.385 8_93.;5

110 3.750Z0 55C.98 7,099 7913.63

115 3.6;071 555.60 6,817 7_03.01

120 3,53;01 562,15 6.539 6965,63

125 3.;3035 570.02 6,268 6577,;0

130 3.32998 579.54 6,000 6238.70

1;0 3.13998 b04.1; 5.;09 5695.64

150 2.96502 635.77 5,015 5290,70

160 2. B0;87 $73,1; ;,588 k576.97

170 2,65907 715,97 ;,211 ;736.08

180 Z.526;8 763,31 3.084 ;5;7.75

190 2.40600 818.31 3.575 ;398,21

200 2.2963; 871,;4 3.3;1 ;273.58

220 2.10;;5 980.99 2,983 ;08;.82

240 1.9;246 1089,00 2.736 3945.20

260 1.60;28 1193.;2 2.570 38;6*90

280 1.68520 1Z09.96 2.;61 3769,28

300 1.58166 1379,39 2,392 3710,20

320 1.;9000 1460,62 2.351 3660,;9

3;0 1,_10_6 1535.39 2,329 3618.99

360 1.33801 1605,30 2,320 358;.;2

300 1.27;56 1670,q_ 2,320 3553.87

_00 1.21658 1733,87 2.32; 3526,07

;ZO 1.16392 1795.23 2.331 3501,38

;;0 1.115_3 1856.10 2.338 3479,73

k60 1.0719; 1916.98 2,3;k 3;69.59

_00 1,03153 1977.37 2.350 3k;0,;9

500 0.99;18 2038.95 2.354 3_23,50

520 0,95965 2101.52 2.356 3;08.67

5;0 0.92521 2159,;1 2.380 3k00.91

560 0.8950; 2223.37 2.389 3387.53

580 0.06683 2287,90 2.369 3375.02

600 0.040;0 2353.30 2,300 3363,29

bSO 0.78105 2519.58 2.381 3336.9_

700 0,72959 2589.15 2.370 3314.09

000 0.6;516 3035.;1 2.3;5 3276.;2

1000 0.52426 3736,53 2,300 3222.;9

2000 0.27136 75;0.60 2.087 3111.26

3000 0.10315 12025.26 1.866 3073.77

;000 0.13020 17126.04 1,608 305;.;2

5000 0.11071 2;522.82 1.;24 3035,81

i TWO-PHASE BOUMDRY

X [B _

0.003[;0[ 0.07628 2,565 0,00875 1,28261 1,5716

0,0031007 0,07788 _,441 0,00_B0 1.28178 1,8707

0,003275_ 0,08130 2,193 O.O0_B_ 1.2798[ 1.6752

0,0033700 0.00;09 1,991 0,00891 1,27780 1.5264

0,00346_9 0.08634 1.024 0. C0890 [._7575 1.4098

0.0035600 0.08816 1.685 0,00885 1.27367 1,3177

0,0036556 0.08958 1._&6 0.0087_ 1.27154 1.2;37

0.0037615 0,09065 1,465 0.0087_ 1.26937 1.183q

0.0038;76 0.091;E 1.370 0.00855 1.26717 1.1353

0.0039;38 0.09203 1.301 0.00848 1,26;93 1.0950

0.0040535 0,092;0 1,Z34 0.00835 1,26263 1,0628

0.0041;33 0,09221 1.174 0.00821 1,26031 1.0380

0.0042327 0,09191 1,121 0.0080_ 1.25797 1.0173

0.00;3251 0.0915_ 1.074 0,00792 1.75560 0,9999

0,00;;117 0,09107 1.031 0.00775 1.25321 0.9848

0,00;5035 0.09055 0.992 0.00766 1,25078 0.972;

0,00;60;1 0,00996 0,956 0.00753 1.24034 0,9629

0,00;6891 0.08935 0.52; 0.007_t 1,2;587 0.9536

0.00;7701 0,00669 0,894 0.00730 1.2;338 0.9;5[

0.00;9734 0,08690 0.029 0.00706 1,23709 0,9288

0,0051639 0.0850[ 0,774 0.00684 1,23073 0.9183

0,0053339 0.083_2 0.728 0.00665 1,_7433 0.9143

0.0054915 0.08128 0.688 0.00647 1.2179_ 0,9103

0.0056264 0.07952 0.653 0.0063_ 1.Z[156 0.9065

0.0057495 0.07786 0.622 0.006?4 1,20525 0.9033

0.0058;36 0.07632 0.595 0.00617 1.19901 0,898k

0.00590_; 0.07515 0.571 0.00616 1,19289 0,8903

0.0059424 0.07;20 0.551 0°00617 1.18693 0.8819

0.0059535 0.07336 0.532 0.0062_ 1.18113 0.8742

0.0059_04 0,07263 0,516 0.0062_ 1.17552 0,8680

0.0059272 0.07202 0.502 0.0063_ 1.17010 0,0627

0.0058195 0.07112 0,;80 0.006;; 1.15989 0.85;;

0,0056;86 0.07150 0.;64 0.00677 1,15004 0,8386

0.005;;79 0,07263 0,;52 0,00706 1.1;203 0,8221

0.0052260 0.07396 0.;;5 0,007;3 1,13;32 0.8097

0,00;9976 0.07;22 0,436 0.00770 1.1273k 0.8066

0.00;7731 0.071;6 0.;;6 3.00824 1,12102 0.8097

0.00;5620 0.08038 0.45; 0.00881 1,11529 0,8084

0.00;1757 0,085;1 0,;66 0.90991 1.10532 0,8039

0,0033419 0.089;6 0,;7; 0.01101 1.09694 0.797;

0.0035_;8 0.09267 0.400 0.01214 1.08983 0.7891

0,0032860 0.09513 0.;86 0.01331 1.08374 0.7790

0.0030588 0,09700 0.492 0.0145_ 1.078;5 0,7702

0.0028603 0.09041 0*49_ 0,01580 1,073_3 0.7609

0.002605; 0.09950 0,50; 0o01711 1,06976 0.7521

0.0025296 0.10030 0,51[ 0°01846 1.06613 0.7;38

0,0023913 0.10113 0.510 0.0198_ 1.06289 0.7363

0.0022603 0.10186 0.525 0.0_12_ 1,05997 0.7zg6

0.0021574 0.10259 0.532 0.02?76 1.05732 0.7236

0.0020567 0,10337 0,540 0.02427 1.05491 0,7181

0,0019652 0.10;22 0,548 0.0258[ 1.05271 0,7132

|.0018828 0.10515 0,556 0.02730 1.05068 0.7090

0,0018065 0.10618 0,565 0,02059 1.04882 0,7050

0.00173_1 0,10729 0,573 0.03064 1.04709 0,7015

0.001687; 0.100_6 0.582 0.03217 1.0;538 0.703;

0.0016285 0,1097; 0,590 0.03386 1.0;387 0.7011

0.0015739 0.11107 0.599 _.03558 1.0;2;7 0.6992

0.0015231 0,112;6 0.608 0,0373_ 1.0;116 0,6975

0.001;099 0.1161; 0.630 0.04186 1.03821 0.6542

0.0013132 0.12006 0,653 0.0;659 1.03567 0,6917

0.0011561 0.12034 0.699 0.0566_ 1.031;9 0,6085

0.0009351 0.1;5;5 0.792 0.079;[ 1.02553 0.6852

0,000;017 0.27727 1.232 0.28127 1.01316 0,5610

0,0003250 0,39277 1,62; 0.5;070 1.00887 0.5818

0,0002;53 0.51879 1,983 0,893_6 1,00669 0.5781

0,0001575 0.7;311 Z.3i9 1.30605 1.00535 0.5442
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35JD PSIA ISOBA;

TEH_ERATURE VOLU_E

3EG, R C; FTILO

3b,59w 0,18_W2

38 0,18_0

kO 0.18_3_

_2 0.18751

_ 0.1887]

36 D.1_995

_8 0.13L27

50 O,ZgZ_9

5Z C.1_3_0

56 0.1)b63

5B 0.19532

60 0,19989

6Z _,201W_

6W 0,Z0309

66 0,20473

60 ,206_5

TO 2}520

T5 71Z7?

80 _.21r_O

_5 0.22271

90 0.22808

95 0.233T2

100 0.23361

105 0.2_$T5

110 0.2511k

115 0,25575

120 0,26559

125 0.2?262

130 0.2T984

140 0.29_78

t50 O.'LQE?

160 • ?_21

170 0.3_235

180 0.35892

tgO 0.37555

200 0.39216

120 0.41528

Z40 0,_5_31

Z60 0,49181

200 0.52&11

$00 0.55945

3ZO 0.59Z48

340 O.6ZSZ5

360 0.65780

380 0.69013

400 0,72223

_20 0.7_17

• kO 0.78589

460 0.81731

_80 0.04879

500 0.87999

520 0.91109

5_0 0,9_69

560 0.97597

580 1.00217

600 1.03831

650 1.11_92

700 1.19]23

800 1.3372_

1000 1.65373

ZOO0 3.1T?45

3080 _.6_861

4000 6,ZEOZb

5000 T.TS955

" TWO-PHASE BOUNORY

T_EPMOOYNAHIC PROPERTIES OF PARAHYDROGEN

I$OT_ER_ ISOCHORE INFERNAL ENTHALPY ENTROPY CV C? VELOCITY

DERIVATIVE OERIVATIVE ENERGY OF $OUNO

CU _T-R£IA/LB PSIA/R BTU/LB BTUIL8 BTUILB-R BTU / LB -R KT/$EC

5_1_.07 9J.3_91 -1_.90F -3.38_ 1,299W_ 1.310 1.6_ 5717

5_3f.11 90,3309 -121.088 -1.039 1.36222 1.334 1.690 5700

5wl_,I; 90._357 -11_.362 Z.40W 1,45052 1.367 1.753 SET5

_30;._B 89,_988 -115.55E 5.9T1 1.53758 1.396 1.813 5649

518_._3 89.6_2_ -112,656 9.658 1.6Z331 1.423 1.873 5E13

5_E_.OZ 8_.1r77 -109,664 13,_60 1.70782 1.4;8 1.930 559_

W9_:.01 8_.61k3 -100,58_ 17,376 1.79115 1.471 1.986 5566

_.L_ 8_,9b0_ -1_3.417 21._05 1.07937 1._93 2.042 5537

_'_.3_ _.325_ -1U0.$_5 Z5,54_ 1.9545k 1.513 Z.097 5506

_Z_.u_ B_._;_O -9_,_3 29.790 2.03466 1.53[ Z. 1_9 54_

4_9_,60 85,5331 -93._13 3_,141 2.11327 1,5_8 Z. 20Z 5_

_]91,;; 8_.5829 -59.936 38.596 2.19193 1.565 Z.253 5412

_91.60 0],7151 -86.367 W3.180 Z.1696k 1.579 _,30W 5366

_190°31 8_ _9 -BZ,736 ;7,83; 2.39593 1.592 Z. 350 5353

_J_1.58 8:_ 180 -T9,039 52,583 Z.WZ132 1.60_ 2.395 53Z0

399_.8_ 80.1_62 -75,281 52,_1T Z._95_9 1.616 2.4_0 5285

3899.0? 7_.8779 -71._6_ 62.33T Z.56918 1.626 Z._BZ $ZS2

300E.06 ?7.59_3 -6T.SgO 6T.346 2.69174 1.633 E.523 5216

]57_,?F 7;.31;k -57.6_7 80.Z00 Z.81917 t,_49 Z.611 51Z9

3_&C.05 ?u.9_?_ -_7.;96 93,53_ Z.99113 1.665 Z. T09 50_8

3197.;3 67,5520 -37._39 10T.099 3.15548 1.691 2.805 _957

3033.67 6_ '983 -26._86 121.335 3.31821 1.710 2.867 _872

2_87.1T 6 _39? -15.510 135.963 3,k7632 1,227 2.963 _91

2?57.74 52.7971 "4.130 151.061 3.6312_ 1.743 3.031 k713

2639.11 5_.TTBE T.096 166.368 3.78063 1.7S6 $.091 _&39

1536.61 51,8776 18.552 181.964 3.925T3 1.7T1 3.1W5 W068

E;4;.51 _9.iZ92 30.121 197.8Z0 _.06669 1.790 3.198 _498

2365.50 46,5508 41.80_ 213.931 _.20382 1.81Z 3.248 _32

1302.18 ;_.lklT 53.599 _30.286 4.33734 1.038 3.194 _372

ZZ_;,Z3 ;1.8925 65.511 Z_6.875 _.;67_6 1.868 3.3k3 _313

1157.03 37.8739 89.727 _80.775 4.71885 1.941 3.438 _286

210_,E? 33.3939 114.51_ 315.&07 4.95894 2.027 3.530 _121

2gT_.EP 3_.378_ 13_.931 351.370 5.189?Z Z.124 3.621 _0_7

ZD6C.?6 29.7718 166.Q74 388.010 5.41107 Z. ZE7 3.71C 3988

Z:63,0; 26.510w 192.927 _25.5;7 5.62636 Z.332 3.79" 39k4

Z076,_7 Z_,5;33 Z_l,l_Z _6;.515 5.83695 Z.;56 3.89b 3906

209_.1_ 22.8254 Z_9.$88 503.8tZ 6.03837 Z.5$6 3.970 3687

Z1 _ 08 19.9951 308.015 58_._6W 6*42266 Z.231 _.097 3876

2ZJ _0 17.?802 369.637 667.326 6.78191 Z.86_ _.190 3693

132_.2_ 16.0056 _32.E18 7$1.608 7.12037 2.9Y3 W.2_2 3932

2417.86 1;.5_81 k95.571 836.607 7.43524 2,999 _°Z96 3987

2519.86 13.3206 558.948 921.532 7.72834 3.012 ;.238 4803

1613.T0 12.2939 611.881 1005.870 8.00061 3.000 _.198 4124

Z?31.ZO 11,qOT9 68_.004 1_89.Z31 8.Z5Eg5 2.971 4.143 _ZOi

_83_,23 10,6390 245.102 1171._Z5 8._8795 Z.931 _.081 6279

19_.38 9.9665 805.02_ 1151,3k7 8.70673 2.086 4o016 43S9

3055.£? 9.37;6 063.887 1331.969 8.91102 2.841 3.952 4436

316;.29 _,8_92 921.588 1_10.36_ 9.10126 2.797 3.092 4516

3172.32 0.3606 978.2_1 1_82,588 9.Z819Z 2.706 3.636 4_94

3329._6 ?._595 1033.957 1563,TZ& 9._5116 Z.?19 3.786 _669

3W86.C7 7,5763 1988.813 1638.920 9.61098 2.686 3,7_1 4743

3593.03 7.2322 1132.911 IT13.238 9,76281 2.657 3,700 4816

3200.6T 6.917; 1196.34_ 1786.832 9,90726 Z.631 3*665 4887

3025.27 6.7115 12h9.1_7 1_61.406 10.0456_ 2.60_ 3.65_ 4987

3933.51 6,_503 1301.639 193_.160 10.17737 2.586 3.631 SOS6

4031.57 6._096 1353.002 ZOOb._96 10.30434 2.571 3.618 _lZ8

w149.37 5,9868 1_05.68F 2078.603 10.42653 _.958 3.593 $196

W_10.5_ 5._961 1534.0?9 1257.310 10.71290 Z.935 3.560 5361

_686.81 5.0822 1661.378 2_34.F19 10,97611 Z.520 3.537 §020

5221.53 _._210 1913.630 2786.g86 11.44683 Z.SO? 3.514 0823

6Z86.23 3.5151 2415.723 3_87.516 12.22798 2.501 3._96 6381

11596.96 1.7_77 W969.5_0 7028.862 IW.67562 _.6_8 3.633 8585

16910,31 1,1650 7756._8 10801.?_0 16.19197 Z.9Z4 3.906 10Z33

ZEZZT.31 0.8739 1082T.220 14_50.920 17.55_9k 3. Z07 _.197 11608

2759_.33 0,6992 13195.744 19314.750 19.38193 3.770 k.80S 11701

[

L
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3000 PSIA ISOOAK

IHERMODfNAHIC PROPERTIES OF PARAHYOROGFN

TEH_[RATURE DENSITY V(OMIDV)p V(DP/DU) V -V(DP/OV) T

0(G. R L8/CU FT BTU/LB PSIA-CU FT/BTU PSIA

36.59_ S,42234 554.58 12.T19 30463.14

38 5.39907 509.17 12.941 29092.64

41 5,36660 564.98 12.304 29082.]6

62 S.33290 $69.72 12.092 28275.23

44 S.298rl S73,00 11.891 27477,91

46 5,26302 577.3; 11.704 26677.14

48 S,22833 580.30 11,525 25009,73

90 S.19ZZS 503.02 11o349 25112,50

$2 S,15059 585.25 11.102 24347,33

S; 5.11837 586.90 11.027 23096,10

S6 5,08042 568.;; 10,872 22860.73

$0 5.04234 589.74 10.722 22143.13

60 5,00206 590,04 10.$99 21470.27

62 4.96365 592.00 10.447 20799,26

64 4.92397 Y93,04 10,302 20146.84

66 4.88405 593.68 10.157 19501.43

66 4.84310 594,26 10.018 18886.32

70 4.6030S 593,79 9.691 18261,52

75 4,70001 592.35 9,567 16796.79

80 4.$9500 593.18 9.273 15033.30

8S 4.49019 596.10 6,899 14357.06

90 4,38458 598.22 8.560 13300,76

9S 4,27860 SO0.S8 8,2;8 12353.28

100 4,173S0 S03,54 7.945 11909.43

100 4,06918 606.01 7.666 10739,26

110 3,96608 609.94 7.30; 10060.39

115 3.06470 614,07 7,103 9447.30

120 3.76025 621.39 6.023 0906.70

125 3,66010 630.16 6.547 8444.64

130 3,57351 639.03 6.276 8019.77

140 3,39237 664.$0 5.753 7320.14

1S0 3,22206 696.17 5.265 6783.12

16| 3,06001 733.49 4.820 6356.6q

170 2.92013 775.91 4*;ZS 6017,69

160 2.78611 022,02 4,000 57;7.86

190 2.66279 077.60 3,703 SS29.20

200 2.S4935 930.63 3.503 S3Sl.kS

220 Z.34864 1040.09 3.117 5075.61

240 2.17712 1147.29 2,0S1 4869.14

260 2,02920 1249.43 2.671 4714.27

280 2.90040 1344.12 2.503 4S94.90

$00 1.78748 1432.11 2.476 4504.15

$20 1,68703 1512,14 2.428 ;428,49

340 1,59916 1506.50 2.401 4368,19

360 1,SZOZZ 1655.72 2.388 4316.26

360 1,44901 1720.67 2.383 ;270.70

400 1.30460 1703.75 2.383 4230,80

428 2.32097 1845.25 2.386 4195.74

440 1.27240 1900.89 2.390 4163.86

460 1.22337 1966.40 2.393 4134.36

48| 1.17814 20Z7,20 2.390 4107.09

SO0 1.13637 2089.46 2.3R6 ;084,17

$2| 1.09750 2101,90 2.390 4061.78

$40 1.0S85S 2204,79 2.430 4049.23

560 1,02462 2268,59 2.;34 ;030.36

500 0,99200 2332.99 2,433 4012.79

600 0,96310 2398.29 2,430 3996.36

$50 0,69612 2564.43 2,420 3909.$7

TOO 0.83886 2733.93 2,406 3927.82

800 0,74226 3080.19 2.376 3870.71

1100 0,60469 3701.36 2,324 3601.54

2000 0.31472 7066,74 2.097 3649,77

3000 0.21203 12073.70 1.672 3099.01

4000 0.1607S 17150,87 1.695 3073.09

$000 0,12087 24392.0; 1.439 3049.99

• TWO-PHASE BOUNORY

C- Zb

(OV/OI)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCT[V[TY OIFFUSIVITY CONSTANT NUHBER

1/OEG. R BTU/FT-HR-R LB/FT*SEC SQ FTIHR

X 10 _

0.0029602 0,08149 2.707 0.00914 1.26651 |.9667

0.0030222 0.08399 Z.502 0*0092_ 1.78520 1.812S

0.0031028 0,08701 2.ZS9 0.00925 1.28331 1.6383

0,0031830 0.08947 2.059 0.00925 1.20139 1.5023

0.0032629 0.09146 1.893 0.00922 1.2794) 1.3949

0.0033429 0.0930S 1.753 0.0_916 1.27743 1.3087

0,0034228 0.09427 1.633 0.0090_ 1.27541 1. Z390

0.0035027 0.09521 1.531 0.00098 1._7335 1.1622

0,0035025 0,09191 1.442 0.00887 1.271Z6 1,13S0 [

0.0036622 0.09640 1.364 0.00876 1.26910 1.0902

0.0057415 0.09631 1.296 0.00861 1.26700 1.066S

0.0030201 0.09609 1.23S 0.00846 1.26483 1.042S

0.0038991 0.09575 1.180 0.00831 1.26259 1.0223

0.0039690 0.09537 1,132 0.00017 L*26037 1.0040

0.004039Z 0.09492 1,088 0.00000 1,20812 0.9882

0.0041090 0.09441 1,040 0.00792 1.25S07 0.9701

0.0041765 0,09384 1.012 0.00701 1,25360 0.9613

0.0042491 0.09323 0,979 0.00769 1.25130 0.9533

0.004;243 0.09156 0.906 0.00743 1.2;550 0,9341

0.00_5674 0.08977 0.047 0.0072t 1.23964 0.9200

0,0047001 0.0079; 0.796 0.00698 1.2357S 0,9142

0,0048267 0,08615 0.753 0.00661 1.22700 0,9006

0,004933! 0.084;3 0,715 0.00666 1.Z2190 0.9059

0,0050217 0,00279 0,683 0°00655 1.21610 0,6946

0.0001008 0,08126 0.654 0.00646 1*21039 0.8901 i

0.0051566 0,06010 0,628 0.00642 1.20472 0.8876

0,0052003 0.07915 0.605 0.00640 1.19916 0.8601

0,0052265 0,07824 0.585 0.00640 1,19372 0.6737

0,0052272 0,07752 0.$67 0.00642 1,10042 0.8675

0.0052243 0.07886 0.551 0.00643 1.18327 0.6632

0.0051739 0.07584 0.52S 0.00650 1.17346 O. BSTO

0,0050705 0,07611 0.505 0,00669 1,16434 0.8;32

0.0049363 0.07713 0.490 0.00690 1.15590 0,8200

0,0047612 0.07834 0,479 0.00723 1.1401S 0.8166

0.0046122 0.07800 0.46; 0.00743 1.14104 0*8064

0,0044388 0.0817; 0.473 0.00780 1.13452 0,0122

0.0042653 0.08460 0.461 0.00636 1,12854 0.012;

0.0039395 0.08939 0.491 0.00929 1.11802 0.0100

0.0036917 0.09313 0,497 0.01021 1010909 0.0048

0.0033451 0.09600 0.501 0.01115 1.10142 0.7974

0.003L661 0.09014 O.SOS 0,01214 1.09478 0.7086

0.0029592 0.09973 0.509 0.01317 1.08897 0.7789

0.0027761 0.10000 0,$13 0.01424 1.06367 0,7692

0.0026116 0.1017_ 0.518 0.01536 1.07910 0.7598

0.00246;9 0,1024_ 0,52; 0.01651 1.07S33 0.7510

0.0023336 0.1030_ 0,530 0,01771 1.07171 0.7429

0,0022150 0,10365 0.536 0.01894 1.0684S 0.7356

0.0021091 0.10428 0.$43 0.02021 1.06548 0.7290

0.0020127 0.10497 0,500 0.02151 1.06278 0.7231

0.0019252 0,10570 0,$57 0.02203 2.06031 0.7179

0.0010452 0.10662 0,$60 0.02419 1.05003 0.7132

0.0017708 0,10760 0,$73 0.02009 1.00094 0.7004

0,0017030 0.10867 0.$61 0.02702 2,00399 0.7052

0.0016075 0,10961 0.$69 0.02834 1.0S204 0.7058 k

0.0016004 0,11106 0.$98 0,02985 1.05034 0,7033

0.001S474 0,11237 0,606 0.0313S 1.9487S 0.7012

0,0014901 0,11370 0.610 0,03Z87 1.04727 0*6993

0*0013801 0.11742 0.637 0.03681 1.04393 0,6905

0,0012939 0,12134 0,660 0.04093 1.04104 0.6927

0.0011407 0.12966 0.707 0.0;973 1.03629 0.6091

0,0009246 0,14703 0.001 0.06954 1.02949 0.6004

0,000_7_9 0,27727 1.244 0.24200 1.01027 0.5093

0,0003237 0,39274 1.651 0.47217 1.01031 0,$914

0,000244_ 0,$1778 2.018 _.7_7S1 1,00778 0,$008

0*0001970 0*73369 2*362 L.18491 1.00623 0. SS69
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C-2b

WOO0 RSIA ISg8&R

TEMPERATURE VOLUHE

OEG, R CU FT/LB

38.000 D.18_26

38 0.10226

kO 0.1833[

42 0.18438

44 0.18549

48 0.18862

40 0.18179

50 0.18900

52 0.19023

54 0.19151

56 0.19281

58 0.19_15

60 0.19553

62 0.19694

64 0.19838

6_ 0,1_990

68 0,20141

?0 O.?OZ�T

75 0.206q0

80 0,21122

85 0.21569

gO 0.22035

95 0.Z2523

100 0.23031

105 0.23558

110 0.2_105

115 0.24669

120 0.25250

125 0,25047

130 0*26459

140 0.27T24

150 0.29038

160 0.30391

170 0.31774

180 0.33183

lqO 0.34607

200 0.36042

Z20 0.38934

240 0.41834

Z60 0.44735

280 0,47633

300 0.50526

320 0.55410

340 0,56274

360 0.5q124

380 0.61953

400 0.64765

420 0.67560

440 0.70337

460 0.73100

480 0.75847

500 0.78579

520 0.81301

540 0.84265

560 0.87005

580 0.89739

600 0.92466

650 0.99262

700 1.06033

800 1.19515

1000 1,46338

2000 2.79648

3000 4.12733

4000 5.45904

5000 6.80446

+ TWO-PHASE BOUNDRY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

ORIG/NAL PAGt_ IS

OF POO qu.4,/.Irg

ISOTHERM ISOCHOR_ INTERNAL ENTflALPY ENTROPY CV CP VELOCITY

OERIVATIVE DERIVATIVE ENERGY OF SOUND

CO FT-PSIAILB PSIA/R BTU/LB BTUILB 8TJILB-R BTU / LB -R FTISFC

5961.98 92.125W -120.917 14.084 2.31265 L.32T 1.660 5877

5961.95 92,125_ -I20.916 1_.085 1.312b7 1,327 1.660 5877

5_49,64 92,1071 o118.306 17.467 1.39939 1,360 1.721 5856

5736.8_ 91.9559 -[15.600 20.968 1._0483 1.390 1.7M0 5833

5623.79 91,6851 -11Z.802 24.585 [.56893 1._18 1.837 5810

551_.70 91.3066 -109.416 28.31k 1.65151 1.443 1.892 578_

5397.85 90.8310 -106.94S 32.153 1.73348 1._67 1.q46 5760

5205.W9 90.2676 -103.890 36,099 1.81402 1.490 Z. O00 5733

5173.91 89.6245 -100.754 40.151 1.89347 1.511 2.05? 5705

5063.39 88.9088 -97.542 44.305 1,97185 1.530 2.102 5678

k954.24 88.1_66 -9_.25q 48,559 2.04920 1.548 2.152 5649

_0_.75 87.Z034 -90.894 52.912 2.12558 1.564 2.201 5620

4741.Z5 86.38_2 -87._63 57.361 2.20099 1.580 Z.Z_8 5591

4638.06 85._332 -83.966 61.904 2.775_7 1.594 2.295 5562

4537.51 84.43_6 -80.403 66.538 2.34904 1.607 Z.340 5532

4455.41 83._600 -76.766 71.299 Z.4ZZ3O 1.619 2.382 $511

4360.73 82.30_6 -73.083 76.103 2.49399 1.629 2.423 5_81

4271.16 81.1206 -69.345 80.992 2.56486 1.638 Z.460 5452

4051.51 78.0470 -$9.796 93.814 2.73760 1.655 Z.550 5377

3833._7 74.8829 -49.964 106.484 2.90499 1.673 2.6_0 5294

3644.95 71.664_ -40.062 [19.695 3.06503 1.700 Z.73! 5211

3_8_.73 68._97 -29.669 133.54_ 3.22333 1.721 2.809 5132

3327.32 65.2884 -19.046 147.782 3.37727 1.739 2.882 5054

3189.81 62.2248 -8.115 162.471 3.5Z800 1.756 Z.948 4981

3065.2_ 59.2790 2.874 177.369 3.67336 1.770 3.007 _912

2951.37 _6.4499 14.006 1920546 3.81456 1.786 3,064 4843

2854.17 53.7476 25.276 207.996 3.95191 1.805 3.116 47F8

2766.5Z 51.1510 36.679 Z23.702 4.08559 1.827 3.167 4713

2_69.97 _8.6932 48.21_ 239.663 _.21590 1.854 3.217 4650

_621.48 46.3857 59.891 255.870 4.34302 1.88_ 3.267 4584

2513.73 42.2073 83.696 289.066 _.$8884 1.95T 3.369 4478

2433.33 30.5591 108.174 323.258 4.82484 Z.043 3.474 4378

2304.15 35.3684 133.386 358.493 5.05222 _.139 3.575 4296

2355.17 32.5685 159.381 394.731 5.27189 2.242 3.674 4228

2339.35 30.1096 186.182 _31.967 5.48470 2.3_ 3.770 4172

2339.20 27.9518 214.379 470.713 5.69408 2.471 3.878 _lZk

2350.77 26.0523 242.892 509.850 5.89469 2.570 3.959 _096

2394.10 22.8791 302.012 590,392 6,27844 2.744 4.094 4068

2456.20 20.3645 363.377 673.239 6.63862 2,876 4.190 4071

2530.80 18.3434 426.216 757.566 6.97626 2.964 4.245 4898

26[3.06 16.6825 489.8_6 842.662 7.29148 3.010 4.263 4161

2703.56 15.292_ 553.520 927.765 7.58520 3.023 4.250 4196

2800.16 14.1095 616._72 1012.374 7.8583_ 3.011 4.213 4260

2903.57 13.0929 679,222 L096.0_1 8.11161 2.982 4.159 4331

3006.69 12.2089 740.653 1178.577 8.34758 2.943 4.090 4404

3112.57 [1.4363 800.953 1259.835 8.56727 2.898 k. 033 4479

3218.39 10.7544 860.097 1339.803 8.77245 2.853 3.970 45_5

3325.29 10.1483 918.[Z2 1418.533 8.96451 2.810 3.909 4630

3430.37 9.6066 975.105 1496.088 9.14494 Z.769 3.853 4703

353_.62 _.1195 1031.126 1572.568 9.31498 2,732 3,802 4775

364_.50 8.6789 1086.291 1648.085 9.47543 Z.699 3.756 4846

3748.62 _.2807 1140.692 1722.721 9.62793 2.670 3.715 4916

3053.17 7.9170 1194.426 1796.613 9.77297 2.645 3.680 4984

3977.88 7.6843 1246.571 1870.719 9.91006 2.610 3.664 5086

4085.18 7.3839 1299.22_ 1943.666 10.04221 2.592 3.640 5155

4192.k0 7.1069 1351.538 2016.225 10.16938 2.576 3.619 5223

4299.51 6.8508 1403.544 2088.433 [1.29185 2.564 3.601 5289

4566.88 6.2871 1532.269 2267.498 10.57879 2.540 3.566 5451

4833.67 5.0118 1659.834 2445.209 [0.84244 2.525 3.543 5606

5365.93 5.0534 1912.712 2797.950 11.31380 2.511 3.518 5902

6427.29 4.0160 2k15.174 3499.087 12.09564 Z.50k 3.499 6451

11T27.0_ 1.9962 4969.960 7041.291 14.54395 Z.649 3.633 8632

17035.65 1.3307 7757.201 10014.280 16.0603_ 2.924 3.900 [0270

22349.97 0.9983 10826.741 14870.205 [7.42097 3.204 4.193 11641

27667.28 0._989 14281.842 19321.046 [9.24691 3.743 4.774 12785

I:
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4000 PSIA ISOBAR

THERMODYNAMIC PROPERTIES Or PA_AHYOqOO_f,

TEM)ERATURE DENSITY V(OM/DV) p V(OP/DUL -V(OP/OV) r

OEG. R LB/CU rT BTU/LB PSIA-CU FT/BTU oSIA

38,000 5,48657 509,43 12.651 32710.80

38 5,48656 509.43 12,651 32710,62

40 5,45536 _96.38 12.411 31gI1.Q_

4Z 5.42359 502.20 12.197 31114.27

44 5.39125 607._3 11,994 30319.25

46 5.35838 511.41 11.806 20520.43

48 5.32_98 515.85 11.627 2_743.45

50 5.29107 519,52 11,45I 27gE_.g4

52 5.25657 622,Ef 11.28_ 271q7.5{

54 5.22170 625.13 11.131 Zb439.g8

56 5,18644 627.45 I0,97g 25694,_T

58 5,15064 62g._6 10,83_ 24063,90

60 5.11441 631.06 10.603 2_24_.73

62 5.07777 632.56 10.555 23551.02

64 5.04074 633.78 10.425 22872.40

66 5.002_5 636.21 10.306 22287.95

66 4.96409 637.33 10.175 216S0,55

70 4,92688 638.26 10.054 21043.49

75 k.83135 639.52 9.750 1457_.27

80 4.73464 639.75 g.4_5 18149.33

85 4.63636 644,80 9.og_ 160_2.46

90 4.53019 648.70 8.?65 1580S.27

95 4.43906 652.19 0.456 14772,81

100 4.3420_ 656.20 8.160 138SC.30

105 _.2_478 660.02 7.890 13011.2_

110 4.14_5g 66_,52 7.619 12244.01

I15 _.05369 670.86 7,346 11569,g_

120 3.9604Z 678._2 7.068 10956.56

125 3.06891 687.53 6.709 10_07._6

130 3.77945 697.89 6.514 9907.73

140 3.60698 723,67 5.981 9066,q5

iS0 3._4374 754,g5 5.401 0379.T8

160 3.zg043 _92.97 5.024 7044.n9

170 3.14719 836.05 4,615 7412.18

180 3.01357 802.60 k.257 7049.81

190 Z.88_56 037.79 3.915 6750._5

ZOO 2,77_56 991.18 3.653 6522.34

220 2.560_6 1100.46 2.246 61_g.16

240 2,39039 1207,92 2.962 5071,28

260 2.23530 1309.30 2.768 5657,31

280 Z.09937 1401.90 2.640 5485.79

300 1,97916 1407.09 2.556 5350,70

320 1.87221 1565,38 Z,503 5242,77

340 1.77701 1629.06 2,471 5150.67

360 1.69137 1707,06 2,452 5085.43

300 1.61412 1771.87 2.4_4 5024.07

k00 1.54_05 1036,_1 2.k_1 4960.36

420 1.48017 1895,88 2.440 4021.09

440 1,42172 1956.06 2.461 4877,02

460 1.36800 2017.06 2.440 4838.04

480 1.318_ 2078.33 2.439 4802.41

500 1.27260 2140.4_ Z.437 4770.50

_20 1.23000 2202.91 2.434 4739.40

540 1.10673 2250.83 2.401 47_0.65

560 1,14935 2314.42 2._7_ 4695.32

_60 1,11435 2370.65 2°475 4671.70

600 1.081_0 2443,81 2,471 4649,_2

5_0 1.007_3 2609.71 2._57 4600.01

700 6.9k311 2779.08 2.441 4550.67

800 0,83671 3125.25 2.406 448g.7s

1000 0.68335 28Z6,35 2,347 4392.08

2000 0.35759 7632.6_ 2.107 4193.50

3000 0.242zg 12121.03 1.878 _127._2

4000 0.18318 17194.13 1.701 _094,12

5000 0.1k696 24297.99 1.452 406_.0_

TWO-PHaSE BOUMDRY

('_VID e |i'_' T_t PHAL VISSOSITf THERMAL DIELECTRIC PRANOTL
C_,tlO_C T,_JI 1y _IFFJ_IV.'TY COH_TAN1 _UHBER

I/q_G, R _TU/FT-HP-P L_/FT-'_FC 50 FT/_tR

O._Z_t',_ 3.0_6S5 2._50 g._Og_ _.29010 1,0680

0.G02910_ _._;_E _.9r_0 3._S_C 1.Z_019 l,g600

O.DOZ_OG] 0.00077 _.5_7 O,OOfi_ 1,28A40 1,7640

0.0_2355_ 0,09242 ?.]18 J.20_57 1.2_65_ 1.6064

0.0_]024_ 0.04454 Z.I?0 0._'9_ _.20472 1.482_

O,PO]S4_Z 0,09E_Z i._5_ _,3O_l _.257_4 1.3026

3.03_16_1 0.0_76_ I,_15 3._g9_! 1.Z0093 1,3019

_,[_]_JZ_ O,r;gR7_ _.606 _._09_3 1.2TBgq 1.2361

0.0033_7 0.t001_ _.402 _.C_ggl: L.27504 1.1352

0.0_347_? 0,10014 1,423 0.00807 1.27302 1,1013

O.O0]_q_¢, O,Cqqg a 1._54 _._0_? _.27098 1.072_

0.003562_ 0.0097_ t.zgz _.PO_ 1.?6092 1,0404

0,0036_76 _,0 _42 ! ,337 ]. _3F ¢ ' L. 26604 I. 027b

0,0036915 o,cqqo! 1.187 ],L]_ 1.26474 1.0096

0,03374_b 0,0_I _.141 g.00627 1.26257 0,9935

0,03_8_!5 0.097_ 1.100 0._0_1 _ 1.260_ 0.97_5

0.003_5_ 0.09742 1.05_ 0.00_C_ 1.258_g 0.4660

0.0034872 0.095_5 0.98_ 3.0077_ 1.2520g 0.9421

0.00_12_g 0,0_417 0._1m 0.00753 1.24744 0.9269

0.004_3_ 0.0923 _ 0,863 3.0_72_ 1.2_193 0.0186

0.00413_ 0,0095_ C._IE O,_O?ll I.P3643 0.9112

@,0_t_5 9e_8_ 0.776 _.OOEg_ 1.2309_ 0,9056

0,00_4927 0.087_6 0.7_0 _,006R3 1.22550 0,9007

0.0045560 0.09572 0.709 0.00672 t.22010 0.8958

0.00_610_ 0.08457 0.683 0.00E64 1.21_78 0.8892

0.0046455 0.08361 0.657 _._Ob6P 1,30454 0.8020

0.00466_5 0.0_73 0,637 _.0066_ 1,3C_41 0.0757

0,00467_8 0.08194 0.616 0.03E_ 1.19g34 0.8704

0.00_6_10 0.00125 0.598 0.00f5_ 1,1q449 0,8664

0.0046551 0,08013 0.564 0.0065_ 1.1850g G.0612

0,0046014 0.0803_ 0.$_6 0.00672 1.IF634 0.0_g6

0,004548_ 0.08129 0.528 O. OOEq_ 1,16797 0.8_54

0,004_939 0,00240 0,5_4 0.00713 1.|6028 0.82_4

0.0042710 0,08266 0.490 O._07Zq 1.1531] 0,8049

0.0041353 0.0_504 0.509 _,0076_ 1.14653 0.0130

0.0039943 0.05865 0,507 0.00807 1.140_3 0.6151

0,0037207 0.09327 0,516 0.00887 1,12955 0,8150

0,00346_5 0.09676 0.5?0 O. ooqTL 1,12020 0.810_

0.003_424 0.09q36 0,523 0.010_7 1.11213 0.8040

0.0030410 0.10122 0.525 0.01131 1.1050_ 0.7957

0.002_500 0.10253 C.527 0.0171:_ 1.09_04 C,7864

0.002691_ 0.10345 0,530 3.01311 1.09333 0.7766

0.00253_5 0.10411 0,533 _.0140_ 1,0_8_ 0.766_

0,0024008 0.1_63 0.537 0._0_ 1.C_05 0.7_76

0,0022763 0,10507 0.5_ 0.CI$I_ _.C_Oll 0.7_I

0.0021641 0,I055_ 0,5_7 3.01702 1.0765_ 0.7_13

0,002061_ 0.10606 0.55_ 3.01837 1.0733_ 0,7342

0.00106g8 0.10665 C,56{l 0._1o47 1.0703] 0,7200

0.001_849 0.10735 0._67 0._20_ 1.06761 0. 7223

0.001_07_ 0.10816 _.574 ;.071_4 1.06510 0,7172

0.001735_ 0,10900 0.5_1 0.C_307 1.06279 0,7128

0.0016705 0.11010 0.5_q 0._7432 1.0606_ 0.7098

0.001627_ 0.1_120 0.507 0.02_7 1.05_7 0,7082

0,0015726 0.112_2 0.60_ 0.026_7 1,0_65_ 0.7055

0.0015212 0.11371 0.6_ 0.03020 1.05,_3 0.7031

0.001473_ 0.1150E _,62_ 3,029_% 1,0531_ 0,7010

O.001Z74g 0.12263 0.o67 0.03670 1,C_627 C,6038

0,0011255 0.13102 0,_14 0.04_2 1,04047 0.6808

0.0000144 0,14058 0.800 0.0621_ 1.03337 0.6857

0,0004760 0,_7727 1._57 0,2134: 1,01737 0.5976

0.0003?24 0.39272 1,b7_ 0.41471 1,01174 0,6011

0.0002438 0,51697 2,054 0.6731 _ 1,0_87 C,5_6

0,0_01065 0,72610 2,W06 1.0349_ I,_0711 0.5695

r

r
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C-/b

W530 PSIA IS)BAR

IEMPERATURE VOLUME

9EG, R CU FT/LB

" 39.363 0,18026

wO 0.18052

_Z 0.18156

k_ 0.18258

_6 0.18363

48 0,18420

50 0.18580

52 0.18693

5_ 0,18800

56 0.18Y28

58 0.19050

60 0.19175

62 0.19302

64 0,19433

66 0,19567

68 0,19903

70 0,198_3

75 0,Z0209

80 0.20587

85 0.20983

90 0.21392

95 0.21829

100 0.2ZZ75

105 0.22739

110 0,23217

115 0,23709

120 0.2wZ17

125 0*24937

130 0.25268

lk0 0.26365

150 0.27503

160 0.28675

170 0,29877

180 0.3110Z

190 0.32344

ZOO 0.33599

220 0.36$34

Z_O 0.3568k

260 0.41Z38

280 0.43992

300 0._63_

320 0,_0893

3;0 0,51436

360 0,5396W

380 0.56_79

400 0,58t79

;ZO 0.6146_

_40 0.63934

_60 0.66391

480 0.6883_

500 0.?_263

520 0.73_52

540 0.76334

560 0.20r71

580 0,81203

600 0.83629

650 0.89&Pq

700 0.95694

800 1,09683

1000 1,31527

2000 2.50003

3000 3.68_81

kO00 4.86_38

5000 6,06153

" TWO-PHASE BOUqORY

T_EEMODfNAHIC PROPERTIES OF PARAHYOROGEN

ISOTHERM ISOCHO_E INTERNAL ENTNALO¥ ENTROPY CV GP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUND

;U FT-PSIA/LB PSIA/R DTU/L8 8TU/L5 8TU/LO-R 8TU / LB -R FTISEC

629_.66 93,8622 -Z18.855 31,351 1,32527 1.344 1,675 6031

6262.18 93.8837 -118,040 32,_2T 1,35233 1,354 1.694 60Z4

6153.56 93.8015 -115.;?0 35.8?3 1,43638 1.38k 1. P51 6005

&O;4.;O 9_.5988 -112.111 39.431 1,51913 1.413 1.607 5984

5]34.94 93,2885 -109.916 43.098 1,60063 1,439 1.860 5962

5825,40 92,8812 -102.038 46,870 1.68090 1._63 1.912 5939

5716.41 92.3884 -10_,080 50,7_7 1.?6002 1.407 1.964 5915

5507.02 91,8170 -101.043 54,726 1,83804 1.50& 2.014 58q0

5498.£7 91.1750 -97.931 58.003 1°91498 1,528 2,063 5864

5391,2_ 90,4688 -9_.748 62.97_ 1,99086 1,547 2.111 $838

5284,97 89,7040 -91,494 62.244 2.06874 1,564 2,157 5612

5180,14 88.8856 -80.193 71,605 2,13965 1,580 Z. 203 5788

5077,03 88.0160 -84.T86 ?6,055 2.21261 1,595 Z.24? 5757

_)?5.92 87.1050 -81.33? 00,59_ Z,20465 1.608 2.291 5730

WOZ?.C7 86.150_ -77.827 85,217 2,35579 1.621 2.333 5703

4F8C,79 85,1575 -74,260 89,925 2,&2605 1,632 Z. 374 5675

4687.34 8_,1294 -?0.639 94,211 2,49542 1.641 2.41_ 5649

_492._7 81.3778 -61.367 102.027 2.66536 1,660 2.496 5594

4293.51 ?_,4063 -51,831 119.?19 2,82916 1,6?9 Z,528 5526

408;.97 75.3713 -_2,234 132,612 2,98533 1.208 2.672 5441

3913.50 72,2831 -32.136 146,161 3.14020 1.730 2.?49 5367

$?56.32 69.2199 -ZI.803 160,090 3,29050 1.250 2.819 5295

3610.85 66.2236 -11.158 17_.456 3.43821 1,760 2.8_ 5224

3474.52 63.3123 -0,451 189.024 3.58036 1.782 2.9_2 5155

3359.18 60,5292 10,;08 203,862 3.718_ 1.299 2.996 5091

3253.6; 57.8588 21,418 218.963 3.85283 1.818 3.05_ 5028

3156.99 55.3030 32,581 234.374 3,98383 1,841 3.104 9965

307_.36 52.8629 43,098 2g0.026 4,11161 1,866 3,156 _90S

3000,60 50,5225 55,369 265.924 _,23632 1,899 3. Z06 _845

2872.05 46,2250 78,809 290.502 k.4722_ 1,971 3.312 _228

2274°8_ 42,4306 102,964 332o158 _.?0987 2.057 3,421 4623

2703.67 39.0953 127.963 366.908 4.93410 2,154 3,531 9532

2657.23 36.1469 153.?92 _02._50 5.15137 Z.2Y? 3.638 _455

2629.36 33,5340 180.406 W39.65l 5.36227 _.361 3,_40 4393

2616.29 31.215_ 208.637 _78,15? 5.57035 2,485 3,855 _337

2613.35 29.1576 237,148 512,121 Y,??OO7 2.984 3.944 4299

2635.58 25.6878 296,394 59?,k_8 6.152?9 2,259 4.089 4255

2_85,48 2_.9070 357.886 680,228 6,51268 Z,688 ;.188 42_

2747.99 20,6492 ;Z0.926 264,5Y2 6,85030 2.976 _.246 _262

2820,79 18.2898 484.766 849.6_5 7.16562 3.021 4.266 4295

2901.2_ 17.2338 548.665 934.842 ?,45955 3.034 4.255 _342

2968.0_ 15.9102 612,169 1019,578 T,73311 3,022 4.222 _398

3080.79 14.1622 6?4.880 1103,488 7.98712 Z.993 q,l?2 _460

3181,54 13o72_? 736,587 1186,259 8,223?6 Z.954 4.112 q529

3283.74 12.9014 797.179 IZ67.803 8.k_4_2 Z.910 4,0k7 _600

3385.7& 12.1296 856.609 1348,071 8.65018 2.86q 3,98Y 4671

3490,23 11,4444 914.925 14Z7.091 0.0429; Z,8Zl 1.924 4742

3593.30 10.8310 972,198 150_,966 9.02402 2.701 3.868 4812

3_99.35 10.2794 1028.508 1581.726 9.19474 2°744 3.616 _882

3803,66 9.2802 1083.959 1657.534 9,35505 2.711 3.770 4950

3906.9? 9.3287 1138.644 1732.459 9.50893 2,682 3.730 5017

4010,55 8.9159 1192,656 1806,632 9,65452 2.657 $.694 5082

4133,32 8,6557 1244.201 1880.275 9.79054 _,616 3.672 5104

4239.50 8,3161 1297.004 1953.382 9,92280 2,598 3.646 5251

4345,69 8.0031 1349,459 2026.103 19o05024 2,582 3.626 5312

4451.86 7,7136 1401.596 2098.456 10.17295 2.569 3.608 5382

_717.16 ?.0768 1530.617 2277.847 10.46042 Z.545 3.572 5539

;982.20 6.5402 1658.436 2495.837 10.72448 2._29 3.548 5691

5511,52 5.6846 1911.722 2809,012 11.19643 Z.514 3,521 5980

6568,36 4.5152 2414.737 3510,720 11.97091 _.506 3,501 6520

11855.88 2.2441 4920,485 7053.703 14.4278Z 2.650 3,633 8678

17158,9_ 1.4962 7757.959 10826,?6? 15.94_25 2,925 3.906 10306

22470.10 1.1226 10826.591 lk881.639 17.30460 3.201 q.189 11672

27785.39 0,8984 14270,583 1932t.522 19.12808 3.721 _.7_8 12816

r

[
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_500 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PAPAHYOROGE?_

TERPERATURE OENSITY V(OHIOVIp @(OPIOU_ -VIDPIOV) T

DEG, R L81CU FT BTUILe PSIA-CU FTIBTU PSIA

• 39.363 5.54747 623.28 12.595 34930.49

kO 5.53794 625.80 12.519 34679.58

_Z 5.50770 632._9 12.301 33891.90

k_ 5._76_? 638,g8 12.095 33105.03

k6 5._4577 6kW.W6 11.904 _2320.32

W0 5.41W10 6;9.38 11.72_ 31539,32

50 5.38199 65_,00 11.5q6 30763,54

5Z 5.349;5 658.C; 11.379 2999;.;8

54 5.3%650 661.34 11.225 29233.68

56 5.28313 664.46 11.073 20;82.62

58 5.2_938 667,22 10.926 Z77_2.81

60 S.2152_ 66q,50 10.789 27015.72

62 5.18075 671.61 10.653 26302.83

64 5,1_590 673.37 10.525 25605.59

66 5.11073 675,03 10.398 2_925.kZ

60 5.07575 676,36 10.279 24263.70

70 5.03949 6?7.26 10.171 23621.79

75 _.94837 681.97 9,905 22230,36

80 k.8513; 685.77 9,613 20855.05

85 _.76577 690.17 9.258 19_68.03

90 _.673S5 595.$k 8,939 18289.95

95 _,58115 700=78 8.636 17708.28

100 k.k8979 705,89 8.3_4 16210.13

105 _.39782 710.08 8.077 15280.29

110 k.307Z6 716.25 7.812 14_68.74

115 _.2177; 723.;1 7.5_4 13723.02

120 _.12938 731.65 7.273 13036._0

125 _.04253 7_1,88 7.000 12_28.28

130 3.95752 753.$9 6.724 11874,9_

tkO 3.79292 780.52 6.182 10893.45

150 3.63601 613.37 5.672 10089.27

160 3.40737 051.$9 5.ZOS 9428.$6

170 3.34707 895.18 _.786 0893.93

180 3.21525 942.94 k._17 0454,06

190 3.09172 999.03 4.06_ 8088.03

ZOO Z,97628 1052.02 3.792 7778,07

220 2.76750 1161.01 3,3E7 7293.96

2kl 2.58508 1_69.19 3.068 6942.17

Z60 2*;Z_95 1370.72 2.862 6663.75

Z80 2,28352 1462.24 2,724 6k41,33

300 2,15776 15_5,75 2,633 6260.1_

320 2.0_527 1621.62 2.57_ 6111,39

3WO 1,9_415 1592.11 2,538 5989.51

360 1.85308 1759,86 2.516 5095.65

380 1,770S6 182_,02 2.504 581_.00

kO0 1.69551 1885.81 2,497 5740.59

420 1.&26_7 1946.96 2.493 5670,49

_40 1.56_11 Z007.06 2.490 5620,37

460 1.8062_ 2068.69 2.487 5572.09

k80 1.45278 2130,05 2,483 $525,88

500 1.40326 2191.89 2.478 5_82050

520 1.35718 2754,85 2._72 $443.0b

540 1.31003 2297,39 2.025 541_.79

560 1,26950 2360.72 2.521 $382.04

580 1.23149 2424.7_ 2.$17 5351.66

600 1,19576 2_89.73 2.511 $323,36

650 1.11515 2555,33 2.q94 5260.36

700 1.04_9 2024.52 2,475 5206.36

800 0.92866 3170.53 2.435 5118.30

1000 0.76030 3871.48 2.370 4993.93

2000 0.40000 7678,_0 2.117 4742.30

3000 0,27153 12169.67 1.884 _659.19

_000 0.20549 17231.56 1.706 _617._2

$000 0.16_gT 2W278.03 1.N6_ 4583.89

• TWO-PHASE BOUMOR¥

C*Zb

(DV/DT_/V THERMAL vISCOSITY _HERWAL OIELFCTRIC pRANDTL
CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

t/OEG. R RTU/FT-HR-R LBIFT-SEC SQ FT/HR

X 10 _

0.0026877 0.09139 2,99& 0,00983 1,29370 1.9759

0.0027072 0,09241 2._90 0.00985 1,29315 1.9075

0,00276r7 0.0952_ 2,605 0.0098_ 1.291_1 1,7245

0.002_2?_ 0,09757 2,371 0.00986 1.28964 1.5808

_.0028864 0.09944 2.177 0.00982 1.2_785 1._658

0.002_449 0.10093 2.013 0.00975 1.28603 1.3729

0,0030032 0,10210 1.873 0.0096_ 1.28419 1.2971

0.0030611 0.10309 1,753 0.00956 1.28233 1.2341

0.00311_ 0.10370 1,649 0.00946 1.2804_ 1.1810

0.0031763 0,10376 1.$59 0.0093_ 1.27854 1.1_13

0.0032334 0.10367 1.479 0. q0915 1._7661 1.1079

0.0032901 0.10348 1._08 0._0901 1.27_66 1,0792

0.0033_63 0.10321 1.3_5 0.00886 1.27270 1.0547

0.0034015 0.10285 1.289 _.OO&7] 1.22071 1.0336

0.003_56_ 0.10242 1.238 0.00859 1.26871 1.0155

0,0035097 D,10193 _.193 0,_0_6 1.26670 _,9997

0.0035615 0.10139 1.151 0.0083_ 1.26_67 0.9856

0.0036607 0.09984 1,061 0.00_0_ 1.25950 0,9552

0.0037596 0.09816 0.989 0.00784 1.25_36 0,9350

0.0038715 0,096_3 0.924 0.00757 1.24920 0,9265

0,003952_ 0,09_70 0,878 0.00737 1.24402 0,4175

0.00_0225 0.09300 0.53_ 0.0072_ 1.23884 0.910_

0.0040853 0,09137 0.796 0.00706 1.23370 0,9049

0.00_1_34 0,08983 0,763 0.0069_ 1,22860 0.0998

0.00_1834 0.08867 0.73_ 0.006_7 1.22357 0.8926

0.0042162 0.08770 0.707 0.006_? 1.21860 0,8857

0.0042_22 0.08681 0.68_ 0.00677 1.21372 0,8804

0.00_2534 0.08599 0.66] 0.00_74 1.20893 0.8757

0,00_25_5 0,08527 0,64_ 0.00677 1.2047_ 0.8718

0.0042434 0.08408 0.612 0.006_9 1.19523 0.8676

0.004205_ 0.08424 0.556 0.00677 1.18667 0,8553

0.00_1_65 0.08515 0.566 0.00691 1.17860 0.8_34

0.00_06_2 0.08620 O.Sk8 0.00708 1.17102 0.8333

0.0039666 0.08658 0.516 0.00720 1.16393 0.802_

0.0038590 0.08976 0,525 0.00753 1.15731 0,8125

0.0037_87 0.09254 0,532 0.0078_ 1.15114 0.8166

0.003521_ 0.09702 C,540 0,00857 1.14005 0.8193

0,0032997 0.10032 0.5;3 0.00927 1.13042 0.8162

0.003095_ 0.10267 0.54; 0.00992 1.12201 0.8100

0.0029171 0.10429 0.54_ 0.01021 1.11_62 0.8017

0.0027529 0.10537 0.545 0.011_8 1.10508 0.7926

0.0026034 0.10606 0.5_6 0.0122_ 1.10225 0.7830

0.002_655 0.10652 0.548 0.01313 1.09703 0.7733

0.0023364 0.10686 0.551 0.01402 1.0923, 0.7608

0.00221_0 0,10715 0.555 0.01_9_ 1.08511 0.75_8

0.0021130 0.107_9 0.559 0.01591 1.00_26 0,7467

0.0020154 0.10789 0.565 0.01690 1.00076 0.7392

0,0019271 0.10839 0.$70 0.01792 1,07755 _.7326

0.0010_48 0.10901 0.576 0.01896 1.02461 0.7266

0.0017700 0.1097_ 0.583 0.0200_ 1.07190 0.7212

0.0017015 0.11060 0.590 0.02113 1°06939 0.7165

0.0016380 0.11157 0.$98 0.02226 1.06706 0.7127

0,0015985 0,11268 0.605 0.023_1 1.06_6_ 0.7105

0,0015_52 0.11381 0.613 0.02k58 1.06263 0,7076

0.0014954 0.11507 0.621 0.02577 1.06072 0.7050

0,001449_ 0,116_0 0,630 0.02698 1.05592 0,70??

0,0013_53 0.12001 0.652 0.0301_ 1.05487 0.6982

0,0012562 0,12393 0.67_ 0,03342 1.05136 0,69_8

0.0011106 0.13235 0.721 0.0_04_ 1.04555 0.690;

a.00QROk2 0.15012 0._17 0.0564_ 1.0371_ 0.6859

0,00D_732 0.27727 1.28_ 0.19077 1.019_4 0,6059

0.0003211 0.39271 1.705 0.37007 1.01317 0.6109

0.0002431 0.$1630 2,090 0.59974 1.00995 O. 6106

0.0001960 0.71981 2.451 0.91888 1.00795 0.5822
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C-2b

5000 PSIA ISOBAR

TEM=ERATURE VOLUME

3EG, R CU FTIL8

w W0,688 O.1TBWO

kZ 0.17901

44 0.1/]95

46 0,18022

48 0.18192

50 0.18294

52 0.10398

54 0,10504

56 0.18614

58 0.181Z5

60 0.18839

62 0.18956

64 0,190T6

66 0.19198

68 0*19322

70 0.19449

75 0.19778

80 0.201Z1

85 0,20405

90 0.20896

95 0,21243

100 0.21643

105 0.22056

110 0,22483

115 0*2292D

120 0.Z33T1

125 0.23832

130 0.2_303

140 0025273

150 0,26276

160 0,2T310

120 0,28368

180 0.29451

190 0.3054g

200 0.31662

Z20 0.33913

Z_0 0.36184

260 0,30464

280 0.40145

300 0.43026

320 0.45303

340 0,4T501

360 0,49852

380 0*5211Z

400 0,54361

420 0.56598

440 0.58022

460 0.61032

480 0.63231

500 0.6541T

$20 O,GTSqs

SkO 0.69491

560 0.72186

580 0.T4375

600 0,765S9

850 0.82002

700 0*87422

800 0.98214

1000 1.14612

2000 2.26273

3000 3,3ZT03

4000 4,39207

5000 5.46708

* TWO-PHASE BOUMORY

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

ISOTHERM ISOCHOR[ INTERNAL _NTHALPY ENIROPY CV CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY OF SOUNO

CU _T-PSIA/LB PSIAIR _TU/LB BTUILB BTtJ/LB-R BTU I LB -R FTISEC

6_23._8 q5.6033 -116.23W ;a._Ig 1.337_3 1,3_g 1.690 61F?

6554.76 95.5216 -115.056 50.680 1.3915W 1._19 1.726 6166

644q.39 95,_238 -112._2S 54.162 1.41311 1.40a 1,781 6147

63_3.k6 95.1628 -109.710 57,_0_ 1.55341 1.135 1.833 6IZY

6Z37.19 9_.8155 -106.414 61.517 1.632_9 1._60 1.86_ 6106

6130.74 94,3F73 -10_.039 65.334 1.71041 1._84 1.934 6084

602_._T 93.8621 o101,088 64.251 1.78721 1,506 1.982 6062

5918._7 93.2770 -98.064 ?3.262 1.86_91 1._26 _*029 6039

5013.01 9_.6308 -94.970 72.367 1.g375_ 1.54_ Z.075 6014

510_.3_ 91.9271 *91.&08 81.563 2.01116 _.563 _.121 5990

560_,64 91.1118 -88,580 85.849 _.08380 1.529 2,164 5965

6502.22 90.3691 -85.28g qO.ZZO 2,155_7 1.595 _.207 5939

5401.2g 89.5231 -81.937 94.6?7 2.E2622 1.609 2.249 5914

5302.10 88.6373 -78.526 qq.z16 2.29606 1,0_3 2.290 5888

520_.89 87,71_q -75.060 103,836 _.36501 1,634 Z.329 5862

5109.90 86.1388 -71,541 108.$32 2,43307 1.644 2.366 5837

4883.76 84,2392 -62.536 120.585 2.59936 1.666 2._5_ 5775

4706,37 81,5553 -53.243 13_,10_ Z.76091 1.605 2,533 51Z5

45_9.95 78.6913 -43,848 145.261 _.414_4 1.F15 2.618 5660

43_1.97 75,F757 -34.05_ 159,046 3.06609 1.738 2.697 5587

4166._4 7_.806_ -_3.972 172.71_ 3*2138_ 1.759 2,769 5512

402_*T7 69*8865 -13.567 1R6,821 3*35862 1.778 Z*831 5448

3887,_3 67,0276 -3,099 201,114 3.49808 1.793 2.88T 5364

3F59.99 64*25q4 ?.531 _15.690 3.83364 1.811 2.9_1 5314

3643,48 61.6030 18.317 230.528 3,76560 1.831 Z.996 5266

3537.70 _9.0572 29.268 245.651 3.89432 1.85_ 3.051 5193

3448.07 56,6307 q0,384 _61.034 _.01991 1,881 3,104 5134

3367.17 6_.3086 51.673 216.687 4.14269 1.91_ 3,158 507_

3234.59 49.9682 74.795 308.742 4.38057 1.985 3.263 _963

3119.38 46.0626 98.693 341.971 4,60944 _,071 3.376 4853

3037.41 42.5420 123.446 376.29? 4.83094 _.168 3.487 4F58

2967,77 34.5185 149.091 _11.136 5.045?6 ?.2TO 3.603 4671

2_Z1.F3 36.F743 175.663 448,343 5.25497 _,3F6 $.713 4600

2096,85 34.3284 _03,129 486.5?_ 5.46156 Z._98 3.833 _538

_804.33 3_,1373 _32,201 525.349 5,66031 Z.59? 3. gZ6 449_

2885.09 28.4093 Z91.418 bO5,kO_ 6.04173 Z.770 _.080 4437

2919.82 25.3901 353.050 688.067 b,40110 _.900 _.185 4410

29TZ.TO 22.91T1 416.240 7T_.36q 6.73863 2.982 4.24_ _424

3036,78 20,8657 480._49 852._96 7.05397 3*032 4.266 4449

3106.49 19,1481 54_.326 942,690 1.34799 3,04W ;.258 4487

3187.52 17.6883 608.020 1027.456 7.62163 3.032 4.225 4537

3271.g7 16.4286 670.g30 I111._3 7.87597 3.003 4.179 4593

3362.29 15.3284 ?32.876 1144._38 8.11316 Z.964 4.122 4654

3458,8? 14.3623 ?93,702 1_76.193 8.33420 2.920 4.080 4720

3559.72 13.5040 _53.346 1356,108 8.540F8 2.876 3,997 4788

3660,76 12.739_ 911.922 1435.993 0.13419 _.832 3,937 4855

3762.59 12.0540 469.50g 1514,119 8.91595 Z.F92 3,881 4gZ2

3865.16 11,4383 1026,083 1541,161 9.08123 2.756 3.830 4989

3967.44 20.8816 1081,798 166?,_31 9.2488T 2.123 3.703 50§4

4069,21 10.3766 1136.146 1742.422 9.40250 2,694 3.?43 Y117

4172.23 9.9t51 1191.023 1816._58 9._4860 _.6T0 3.?06 5180

4291,2q 9.6241 1242.0_4 1890.047 9.68316 2.623 3.680 5282

4396,1F 9.2461 1294.966 1963.30_ 9.81591 2.60_ 3.655 5346

4501.10 8,897_ 1347.55_ 2_36.16_ 9.94360 2.588 $.633 5410

4606.2_ 8.5745 1399.813 2108,650 10.06653 2,575 3.614 54F3

4069*19 7.8648 1529*113 2288,340 10.35448 2.550 3.576 5626

5132.21 7,2670 165F.173 2466,566 10.61893 2.533 3.553 5F74

5658,18 6.3144 1910,852 2820.176 11.09142 2,518 3*52S 60_8

6/0q,8g 5.01_3 2414.405 3522.407 11.87450 2.509 3.503 6588

12983.51 2.491_ _911.112 ?066.098 1_.32392 2.651 3.634 8T23

17280.18 1,661_ 7258.828 10834.210 15.84042 _.926 3.908 10341

2Z587.74 1._462 I0826.712 14893,115 1?.2005_ 3.199 4.187 11702

21900._1 0.9977 14_61,317 19323.097 19.021TT 3.lO_ 4.72T 12846
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5000 PSIA ISOBAR

TMERMOOYNAHIC pROPERTIES OF PARAHYOROGEN

ORIG_'4AL PA(}_! i-i

(OV/OT_(V THFRMAL
- CONDUCTIVITYTEMPERATURE DENSITY V(OH/OV)p VIOP/CU) V "V(OP/DV) T

DEG. R LBICU FT BTU/LB PSIA-CU FT/BTU PSIA L/OEG, q BTUIFT-HR-R LB/FT-SEC
X IO t

+ 40.608 S.60543 656.40 IZ.$47 37127*51 0.0025750 0.0960_ 3.140

kZ 5.$6640 661.40 12.406 36617.53 0.0026100 0.097_5 2.926

W4 5,SSTOZ 668.73 12.196 35839._1 0.00?66?5 0.10043 ?.649

46 5°5272? 670.22 17.001 35061,75 0.0027143 0.10744 2.420

40 5.49702 681.11 11.817 34287*97 0,0077654 0,10404 ?*ZZ8

$0 S.46642 686.80 11.637 33513.48 0.0078161 0,10537 Z,066

SZ 5.43545 691*62 11.468 32745.70 0.002866_ 0.10633 1.927

04 5,40411 695°77 11.312 31904.0Z 0.002916_ 0.10710 1.807

56 S.37241 699.71 11.159 31229.04 0,0029661 0.10772 1.703

50 S.34031 703.24 11,017 3048_,52 0.00]0155 0,10719 1.611

60 S.30000 706.23 10.&75 29749.43 0.00306_7 0.10704 1.531

62 5.27530 709.00 10.740 29025.88 0.0031134 0.10681 1,460

64 5.2_250 T_1.35 10.617 28315.21 0.0031617 0.10E50 _.396

66 5.20901 723.56 10._07 27610.69 0.00320q3 0.10611 1.339

60 5.17544 715.36 10.369 26937.50 0,00325_2 0,10560 1._07

70 5.14161 716.67 10.263 26273.11 0.0033022 0.10514 1,240

75 S.05601 719.36 10.000 24692.33 0.0034116 0.10366 1.141

80 4.96016 726,2t 9.743 23383.09 0.003W877 0.10197 1.060

05 _.08173 735.65 9.400 22113.97 0.00359_4 0.10026 0.99_

90 _.79473 740.90 9.093 20818.$7 0.0036398 0.09854 0.939

90 k,70741 7_5.85 6.79_ 196t2.21 0.00371?3 0.0968_ 0.092

100 4.62054 753.17 8.507 10594.90 0.003750_ 0.09521 0,051

100 W.53382 759.05 0.243 176Z5.81 0.0038020 0.09366 0.816

110 4,44780 765.51 7.979 16723,97 0.0038_24 0.09249 0.784

110 4,36Z94 773.09 7.713 15896.31 0.0038753 0.09151 0.756

120 4.Z7883 781.95 7.44_ 15137,21 0.0039015 0.09060 0.731

225 4,19607 793,05 7.174 14468.3Z 0,0037141 0,08976 0.708

130 4.11469 805.57 6.902 13854.80 0.0039190 0.08900 0.600

140 3.95674 035.86 6.361 12798.42 0.0039042 0.00774 0,653

150 3.80579 870.03 5.043 11871.70 0.0038800 0.08707 0.625

260 3.66170 910.6_ 5.366 12122.09 0.0038295 0.08875 0,602

170 3,52015 953.87 4.938 10461.03 0,0037779 0,00976 0.503

180 3,39043 1001.62 4.561 9920.51 0.0037069 0.09032 0.5_1

I90 3.27339 1050.91 4.199 9482.5Z 0.0036202 0.09351 0.550

200 3.15835 1112,80 3.919 9109.71 0.0035270 0.09627 0.557

ZZO 2.94874 1221.85 3,479 8507.38 0.0033394 0.10064 0.564

240 2.76363 1330.05 3,168 8069.30 0*0031q65 0.10370 0,566

260 2.59962 1431.64 2.951 7728.46 0.0029653 0.10593 0,565

280 2.45_26 1523.69 2.80_ 7453.07 0.0027996 0.10733 0.564

300 2.32417 1605.40 2.706 7220.00 0.0026521 0.10019 0.563

320 2.20?35 1680.74 2,643 ?035,96 0.00Z5140 0.10060 0,563

340 Z.10168 1749.00 2.603 6876.64 O.OOZJB90 0.10096 0,564

360 2.0059_ 1813.67 2.578 6744.5; 0.0022727 0.10913 0.566

380 1.91090 1076.20 2.563 6637,38 0.0021618 0.10927 0.560

400 1,83914 1938.2k 2.553 6548,27 0.00206ZZ 0.10940 0.572

620 1.766B5 1990.01 2.546 6468.00 0.0019696 0.10977 0.576

4_0 1,?0005 Z009*_5 Z*540 6396.60 0,0010844 0.11016 0.501

_60 1.63047 2120*20 2.534 6332.95 0.0010062 0.11070 0.507

400 1.561S0 2101*59 2.527 6274.52 0.0017342 0.11136 0.593

SO0 l*52865 2243.64 2.519 6220.39 0.0016682 0.11215 0.599

SZO 1.47941 2307.43 2,521 6173.16 0.0016062 0.11307 0.606

940 1.42875 2344.32 2.569 6131.19 0.0015690 0.11400 0.614

560 1.38532 2407.37 2.563 6090.00 0.0015182 0.11523 0.621

$80 1.34404 Z471.14 2.557 6052,00 0.0014701 0.11645 0.629

600 1.30617 2535,94 2.5S0 6016.59 0.001_251 0.11776 0.638

6Sl 1.21948 2701.19 2.$30 5937.09 0.00132;5 0.12133 0,699

708 1.14387 2070.17 2.500 5870.$9 0.00173T9 0.12523 0.681

600 1.01819 3215.97 2.463 $762.10 0.8010960 0.13368 0.728

1000 0,83562 3916,71 2.392 5606.09 0,00089_3 0.1516_ O,BZ5

2000 0.44194 7724,02 2.126 5296,03 0.0004704 0.27727 1,302

3008 0,30057 12217.23 1.889 5193.07 0.0003199 0.39270 1.733

4000 0.22760 17270.50 1.711 5142.04 0.000242q 0.51573 2.126

5000 0.16291 ?_176.42 1.47k 5103.40 0.00019_ 0.71446 2._90

TWO-PHASE BOUNORY

C-Zb

VISCOSITY THERMAL DIELECTRIC PRANOTL

DIFFUSIVITV CONSTANT NUMBER

SQ FT/H_

0.0101_ 1.29703 1.9092

0.01016 1.29594 1,8562

0.01015 1._9_25 1.6907

0.01011 1._9_53 1.5586

0.01005 1.29079 1._571

0.00996 1.Z0904 1.3653

0.00987 1._07Z6 1._93Z

O. O09TT 1.28546 1*2324

0.00967 1.20364 1.1065

_.00946 1.28101 1.1k77

0.0093_ 1.27996 1.114_

0.00917 1._7009 1.0859

0.00903 1._7621 1,061Z

0.00009 1._7431 1.0401

0.00876 1.27239 1,0217

0.00064 1.270_7 1.0051

0.00830 1.26560 0.9725

0.00810 1.26065 0.9400

0.00785 1.25574 0.9346

0.00767 1.25083 0.9253

0.007_3 1.24592 0,9100

0.00728 1.24103 0.9210

0.00716 1.23619 0.9040

0.00707 1.23139 0.8976

0.00700 1.22666 0.8911

0.00694 1.22199 0.0861

0.00609 1.21740 0.8620

0.00605 1.21291 0.B789

0.00679 1.20_21 0.07_7

0.0066_ 1.19593 0.6643

0.006_5 1.16807 0.8511

0.00707 1.16065 0.8424

0.00716 1.17363 0.6002

0.00745 1.16705 0.8119

0.00776 1.16087 0.0174

0.00837 1.14968 0.8227

0.00897 1.13985 0.6212

0,00960 1,13120 0.8154

0.0i075 1.12355 0.8072

0.01093 1.11674 0.7981

0.01165 1,11066 0.7803

0.01241 1.10517 0.7787

0.01320 1.1002_ 0,7693

0.01403 1.09573 0,7602

0.01409 1.09165 0.7517

0.01078 1.08791 0. 7440

0.01670 2.08450 0.7369

0,01764 1.00135 0.7307

0.01861 1.0784_ 0.7251

0.01960 1.07575 0.7201

0.020_Z 1.07325 0,7156

0.02170 1,07068 0,7127

0.02276 1.06848 0.7096

0.02304 1.06642 0.7068

0.02495 1.06440 0.?044

0.02781 1.06011 O.BqOS

0,03001 1.05631 0,6959

0.03725 1.05002 0.6912

0*05101 1.04002 0*6862

0,1726_ 1,021_9 0.6142

0.3343? 1.01_50 0.6209

0*54105 1.01103 O* 6229

0.82640 1.00866 0.5949

I
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C-2b

5500 PSIA ISOBAR

TEH}ER&TURE VOLUNE

3EG. R CU FT/LB

+ _1,979 0.1_65

_Z 0.17666

kW 0,17r55

k& 0,175_

40 0.17538

50 0.18033

5Z 0,18130

5_ 0.18229

56 0.18330

58 0.18433

60 0.18_35

_Z 0,18_T

6_ 0.10756

66 0.188H9

68 0.18983

TO 0.19100

75 0.19k01

80 0.19717

85 0.20050

90 0.Z0389

95 0.20740

100 0.2110Z

105 0.21_77

110 0.21861

115 0,22Z56

120 0.22&60

125 0,23075

130 O.Z3kgO

140 O,Z_3Hg

150 0.25268

160 0.Z6191

170 0.ZT138

180 0.28103

190 0.Z5087

200 0.30085

Z20 0.32107

240 0.34151

Z60 0.36Z07

Z80 0.38267

300 0,40327

320 0.kZ386

340 0.46444

360 0.66650

380 0.485k8

_00 0.50_g0

• 20 0.5Z622

440 0.5_6_k

460 0,566S_

_00 0.50653

500 0.60641

520 0.6Z619

540 0.64803

560 O.H67qB

580 0.H0769

500 0.70775

650 0.75724

700 0.80_52

000 0050463

1000 1.0996D

Z000 2.06047

3000 3.03579

4000 4.00304

5000 4.55061

TWO-PHASE BOUMORY

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

CU cT-PSIA/LB PSlAIR 8TUILO 9TU/L8 8TUILB-R

6943.56 97,2920 -11_.562 65.351 1.3k886

6942.51 97.2916 -11;,53H 65,386 1.349T0

6_40.02 97.1081 -111.975 68.849 1.63023

b?3O.3H 95.9756 -10q.331 72._15 1.YOgi0

6635,32 56.6666 -10H.600 75,003 1,$8756

6531,91 96.2?20 -103.00T 79.8_9 1.66442

6628,32 95.8011 -100.931 83.712 1,76017

63Z_,76 95.2619 -97,904 07.H68 1.01481

6221.k5 94,6615 -96,965 91.71_ 1,08837

6118,50 g_.0057 -91.80H 95.845 1.96092

601H,38 93.2998 -88.7_0 100,069 2,03246

5915.0H 92.5_83 -05.532 104,3T_ 2.10303

5514.84 71,7551 -42,265 108.761 2.17257

571S,92 90.9_36 -78.940 113,227 2.2413q

5618.53 50.0571 -75.561 117.772 2.30922

5522.88 89.1584 -72,131 122.390 Z.37615

5292,79 86.7010 -63,352 13_.240 2.53963

5078.19 6_.266H -56.296 166.510 2,69758

4928.17 81.6666 -45.163 159.032 Z,8;g66

4760.25 TH.gQ?7 -35.$30 172.11_ 2,q9919

_563.57 7H.09_1 -25.H75 105.5_8 30144_k

4626.96 73.2619 -15._82 197,_3S 3.28593

4Z01.36 70,45Z9 -5.215 213051? 3.42633

415_*96 67.72kl 5,216 227.861 3.55778

k033.61 65.0810 15.810 242._72 3,60T$?

3923._1 62,5338 26.572 ZST.3S_ 3.81k34

3817.40 HQ,1001 37.511 27Z.514 3.93811

3r29.44 57,770_ 48.632 Z87.gq5 ;.0591_

3560.37 53043_2 71._60 319.643 _029401

3467._1 _9._701 95,116 352.650 4,5Z037

3363.35 ;5.0q79 119.651 386.389 _.73932

3292.96 62.7001 145.127 kZ1.50q 4.95220

3226,87 39.8569 171.5_6 _57.T63 5,15939

3181.87 37.2962 lq9.518 655.756 5.36469

3156.60 3_.9912 227.927 534.324 5,56238

3164,9S 31.0356 287.105 61_.097 5.94244

31HO.OO 27.8071 3_8,782 696,592 6°30100

3201.31 25.1371 ;12.074 780.823 6.63833

3_56.2S 2_.9123 _75.210 86_.951 5.95368

3321.51 21.0380 S;0._42 951.150 T.Zk??O

3393.69 190_430 604._82 1035._50 7.52168

3469.00 18.0668 667.375 1120.015 7.775q3

3553.80 16.8680 725._94 1203.05_ 8.01333

3641.68 15.8112 790.527 1264.968 8.23400

3736.02 14,8775 050._34 1365.670 8.4_186

3034.57 1_.0325 ?09,240 1445.174 8.63S81

353_.q3 13.277Z 567.015 1523.54Z 6,01813

_034.85 17.5979 1023.831 1600.828 8,98993

4135,59 11.9819 1079.792 1677.148 9.15212

_Z3H.07 11._232 113_.987 1752.504 9,30675

4336.85 10.9131 1189,509 1027.253 9,_5281

4451.50 10.5903 12_0.027 1500.000 9058621

45S_.9_ 10.1731 1293.090 1973.404 5.71916

k658.Hk 9.7065 13_5,006 20_6.307 5.84710

_762.52 9.4325 1398,164 2118,5q5 9.97024

5022.00 8.6506 1527.767 2298.gS5 10.25862

5283.57 7o9916 165H.037 2477.463 10.523_2

5805.82 6.9425 1510.096 28310416 10.95643

6851,6_ 5.5113 2414.172 3534.141 11.78006

12109.99 2.7382 _971.830 7070.470 lk.2300S

17399.68 1.8262 7755.806 10051.612 15.74651

22702.95 1.3706 10827.067 1_90_,777 17.10639

28013.25 1,09T0 14253.606 19326.115 18.52579

CV CP VELOCITY

OF SOUND

BTU / LB -R FT/SEC

1. 373 1o704 5318

1, 37_ 1. 704 6318

1, k03 1. 758 6301

1.430 1.009 6263

1. 456 1. 059 6265

1._80 1. 900 6Z_6

1.503 1. 955 6_24

1. 524 Z. 000 6202

1.543 2.0k. 5 6180

1.$62 2. 089 6157

1,579 2. 131 6136

h 595 ;% 173 6110

1.610 2.213 5085

1.62_, Z. 253 6062

1.636 2.251 6037

1.646 2. 327 60t4

1. 660 2. 612 _956

1.690 _+495 5506

1.721 20577 5847

1, 74g 2. 651 5788

1.7' 67 2.723 5720

1. 767 Z. ?'117 $6S5

1.003 2. 643 SSc}2

1.021 2. 696 5532

1.042 2.950 5670

1.866 3. O03 5k19

1.0 % 3.060 53_6

1.g_S 3. 115 5267

1. q58 3° 226 5175

Z. 085 3o 336 5070

2.181 3. kSk 1,965

2.203 3.567 4002

2.306 3,686 680 1

2, 5 10 3. 012 4731

2,609 30909 4681

2. ?82 4. 066 4616

2.912 4.160 4506

_. qqO b,*. 21_4 4S62

3. 042 _,. 266 ksg9

3. 054 4. 2S8 6632

3.0 _1 4.227 6675

3, 012 4.162 4726

2,974 4.126 4'P010

Z,930 4. 066 4140

2. 886 4. 000 4903

2.843 3. 949 4q67

2,002 3, 092 5032

2. 766 3. 042 5195

2.73_* 3. Pq5 SIS_

2. 705 3, ?55 5216

2,681 3. T18 5276

2, 6 29 3.68 T 5378

Z. 6 10 30 661 544 1

2.59+<+ $. 639 5503

Z. S 00 3.620 $566

2.5S5 3.503 5723

2.535 3,557 5857

2.522 3.520 6134

2.5 12 3. SO 5 663S

2.653 3.634 5766

2.926 3.900 103?5

3.1q8 4.104 11F31

3.686 4.7'08 12870
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5500 PSIA ISOBAR

THERMODYNAMIC pROPERTIES OF PARAHYOROGEN

TEBPERATURE OENSITY V(DMIDV)p V(OPIDU _ -V(OPIOV} F

OEG. R LBICU FT BTUILB PSIA-CU FTIBTU PSIA

_1.979 5.66079 688.39 12.516 39306.02

_2 5.66050 588.;0 12.513 39298.09

kk 5.63228 696.85 12.298 38529.30

k6 5,60368 70_.3_ 12.099 37759,57

k8 5.57_72 TIL.20 11,911 36990.02

50 5,SWYkl 717.73 11,727 36222,08

5Z 5.51576 ?23,58 11,555 35h57.10

5_ 5._8500 720,59 11.397 3;696.38

56 5._5552 733.35 11.2_2 339_1.2_

56 5._2;Bk 737.67 11.093 33192.96

60 5o39_07 7_1.39 10.95W 3Z_52.r_

62 S.36291 ?_q,87 10,019 31721.97

6k 5,331_9 7_7.05 10,691 31001.73

66 5.29900 750.66 10,566 30293.23

60 5.26786 752,90 10._k9 29597.65

?0 $.23569 75k.69 10.3_3 28916.11

?5 5.15k32 ?58.28 10.052 2?280,73

00 5.07181 ?62.58 9.833 25755,62

85 _,98755 775.66 9.515 2_579.96

90 ;,90k60 T8;._5 9.219 233;?.1_

95 _.82169 790.76 8.932 22100.53

100 _.73882 797,q8 8.65[ 20978.56

105 k.65617 80;,h3 0.391 1993k. Tk

110 ;.ST;32 012.68 8.129 19006.10

115 _.493Z5 821.36 7.86_ 18123,12

120 k.k1305 031.52 7.59; 173[;.21

125 k.33378 842.2_ 7.32k 165_3.76

130 k.255?_ 855.58 7.053 15871.53

lkO k,105_2 087.0; 6.516 1_692._8

150 3.95158 9ZS._k 5.996 13722.56

160 3.81818 966.30 5,512 128;1,87

170 3.68kBk 1013.50 5.077 1213k.3_

180 3,55835 1060.7; _.691 11;75,20

190 3.k37q5 1117.98 4.321 10939.[3

200 3.32396 1172.21 k.035 10k92.39

220 3.11k61 1283.79 3.583 9795,30

2kO 2.92819 1390.99 3.261 9253.08

Z60 2.76101 1_92.65 3,036 88kl.7_

280 2.61320 150k._2 2.882 0509,25

300 2.kTglk 1667.00 2.7?8 8236.;q

320 2,35930 17_0,75 2,710 8006.70

3kO 2.25002 1807.27 2,666 7007.13

360 2.1506k 1870.27 2.637 76k2.93

380 2.05980 1930.15 2,620 7501.1k

kO0 1.97667 1590.51 2.607 7386.k6

k28 1.90033 2050.k8 2.598 7286.95

440 1.83001 2111.08 2.589 7200.97

_60 1.76509 217t.85 2,580 7121.88

W80 1.70k93 2233.50 2.571 ?050.90

500 1.6_985 2295.97 2,560 6965.S0

$20 1,59696 2359.61 2,5k9 6925,76

SkO 1.5;315 2391.52 2.610 6869.33

560 1.k9705 2WSk.25 2.603 6818.97

580 1.k5372 2517.77 2.596 6772.37

600 1,k1292 2582.35 2.588 6729.08

6S0 1.32058 27k7,22 2.56k 6633,03

708 1,23959 2_15,97 2._0 6551.03

800 1,105_3 3261.54 2._91 6_17.90

1000 0.q0536 3962.03 2.;13 6230.76

2000 Ook83q5 7?69.53 2,135 585_,55

3000 0.325_0 1226_,51 1.89_ 5731,_5

_000 0,2_76 17310.50 1.716 5670.30

5000 0.20070 Z_130.76 1.k02 562_._7

• TWO-PHASE BOUWORY

(:+2h

(OV/OT_/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

I/BEG. R BTUIFT-H_-R LBIFT-SEC SQ FTIHR
X 10

0.002_752 0.10053 3._07 0.010_? 1,30023 2,00_7

0.002;757 0.10056 3.283 0.010_? 1.30021 2.0035

0.002522_ 0.10310 2.957 O,O[Oh? 1.29_5_ 1.8133

0.0025602 0.10532 2.68_ 0.01039 1.296q3 1.6619

0.0026133 0.10703 2._6_ _.01033 1.29526 1.5_0_

0.0026570 0.100W1 2._75 0.01_2_ 1.29_5_ 1._11

0,0027019 0.1095/ 2,II_ 0.01016 1,29L_7 1._589

0.0027_56 O,L[O]6 1._7_ 0.01006 1.29015 1.2897

0.0027890 O.tlOS_ 1._57 _,009_1 L._88_1 1.236_

0.0028321 0,11055 1.753 0.0097_ [.28665 [.1923

0,00287_9 0,110_ 1.661 O._Oq_! 1.28k66 1.1530

0.0029175 0.11027 1,560 O.O0_q6 1.28310 1,1210

0.00295q7 0.109_9 1.500 0.00932 1.20130 1.0925

0.0030015 0.10963 I._;_ 0.00918 1.279_9 1,0601

0.0030_2? 0.109_0 1.]86 0.009_ 1,27766 1.0_67

0.00308]3 0.10871 1.]33 0.0089_ [.27503 [.0275

0.0031013 0.10727 1.223 0.00863 [.21[19 0,9090

0.0032718 0.1056_ 1.[3_ 0.00835 1,2665_ 0.96k0

0.0033225 0.10309 1.060 0.00_0_ 1.2617] 0.9_69

0.00337_5 0.102_ I._00 0.00706 1,25703 0.93_2

0.003_k31 0.100W7 O.]W9 _.0076_ 1.25235 0.9250

0,003_922 0.09082 0.905 0.007h8 1.2h766 0.9180

0o00353k2 0.09725 0.86/ 0,00735 1,2h30_ 0.9122

0.0035633 0.09607 0.93_ 0.0072% [.238_5 0,90_1

0.0035910 0.09508 0.003 O.OQ?I 7 1.23392 0,0971

0,0036117 0.09_15 0.777 0°00710 1,229_5 0.0919

0.0036328 0.09329 0.753 0.0070_ 1,2250; 0.8887

0.0036_0k 0.09251 0.731 0°0069_ 1.22071 0.0862

0.0036368 0.09116 0.69_ 0.00689 1.212_9 0.8637

0.0036050 0.09127 0.663 0.00691 1.20_25 0.8726

0.00357_1 0.09213 0.63_ 0.00699 1.19661 0.06_?

0.0035196 0.093_0 0.617 0.0070_ 1.10933 0.8509

0,003_733 0.09391 0.565 0,00716 1.102_5 0.797k

0.003_09_ 0.09711 0,57_ O. OO?k! 1.17593 0,0tll

0.00333_9 0,09985 0,580 _.0076_ 1.16977 0.8101

0,00316_8 0,10h1_ O._O? 0.0002? 1.15853 0.8251

0.0030052 0.10713 0.506 0.0007_ 1.1;65_ 0,9255

0.0020_]0 0.10911 0.586 0.009_1 1.13976 0,8205

0.0026926 0.11032 0.56_ _.00990 1.13190 0.0125

0.00255k2 0.11099 0.581 0.010E1 1.12_89 0.8031

0.002_283 0.11130 0.580 3.01116 1.1185_ 0.7932

0.00231_1 0,111_0 0.580 0.011_ 1.11280 0.7035

0.00220?0 0.111_1 0.580 0.0125_ 1.10771 0.77_0

0.002[078 0.111;2 0.502 0.01330 1.10300 0.7650

0,0020135 0.111;9 0.58_ O. Ol_OT 1.09871 0.7565

0.0019257 0.11167 0.580 0.01;0_ 1.09_77 0.7k85

0.0018h38 0.11197 0.592 0.0157_ 1.09116 0+7q12

0.0017689 0,112_2 0.597 0.0165q 1.08702 0.73_7

0,0016993 0,11300 0.603 0,017;_ 1.C8k7_ 0.7288

0.00[6353 0.11373 0.60q 0.01537 1.06189 0.7236

0.0015757 0.11k59 0,615 0,01930 1.07923 0.7189

0.00t5h17 0.11556 0.622 0.02031 1.076k9 0o71_9

0.001k919 0.11666 0,630 O. 0212_ 1.07_15 0.7116

O.001kk_ 0.11786 0.638 0.0222_ 1.07195 0,7087

0.001k016 0.1191h 0,6k6 0.0232q 1.06960 0.7061

0.00130k2 0.12266 0.666 0.02592 1.06921 0,7009

0.0012199 0.12653 0.689 0.02R69 1.061[_ 0.6920

0,0010817 0.13500 0.735 0.03q61 1.05_36 0.6918

0,00088_5 0,153[_ 0._33 0.0_60_ 1.0_59 0,6865

O.O00_6?T 0.2??27 1.320 0.$5783 1.02353 0.6226

0.0003106 0.39269 1.762 0.30_05 L.01599 0.6311

0.0002k17 0,5157_ 2,166 0._936_ L.01211 0,6333

0.0001950 0,70990 2,5_6 0.75100 1.00972 0,6078
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C-2b

6000 PSIA ISDBAR

TEMPERATURE VOLUNE

DEG. R CU FTILB

• 43.240 0,17501

44 0.17533

48 0.17619

48 0.17705

50 0*17794

52 0.17085

5_ 0.1_978

56 0,18072

50 0.10160

60 0,18260

62 0.18367

64 0.18469

68 0.18578

60 0.10_T0

70 0.18786

T5 0.19064

80 0.19355

85 0.19658

90 0.19977

95 0.20299

100 0.2063Z

105 0,20973

110 0.213Z4

t15 O,ZtS84

120 0,2205Z

125 0.22428

130 0.2Z81Z

140 0.2350Z

150 0.24410

160 0.25254

170 0.26108

100 0.2698Z

190 0.27870

200 0.2877Z

220 0.30605

240 0.32662

260 0.34333

280 0.38209

300 0.38187

320 0.39964

340 0.41840

360 0.43715

300 0.45587

400 0,47454

420 0.47314

440 0.51L67

460 0.53009

460 0,54841

SO0 0.56665

520 0.58479

540 0.60479

560 0.62308

580 0.64133

600 0.65954

650 0.70491

700 0.75008

800 0.84001

1000 1.018?6

ZOO0 1,90645

3000 2.79296

kOOO 3.66016

5000 4.57510

• THO-PHAS( BOUNORY

THERHOOYNANIC PROPERTIES OF PARAHYOROG(N

I$OTHERH I$OCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE OERIVATIVE EN(RGY

CU FT-PSI6/L8 PSIA/R BTU/L8 8YU/L8 6TU/LS-R

7257.76 98.9516 -112.348 82.101 1.35991

7220.33 98.9121 -111.388 83,415 1.39004

7121.27 98.7342 -108.808 08.940 1,46840

7021,43 90.4595 -106.150 90.565 1.54553

6921.00 98,0991 -103.415 94.287 1.62149

6820,17 97*6630 -100.606 98.103 1.69632

671%14 97.1593 *97.728 102.010 1,77004

6618.D9 96.5953 -94,782 106.005 1.84208

6517,22 95.9771 -91.770 110.086 1,91429

6416,72 95.3101 -88.695 114.252 1,98489

8316.79 94.5988 -85.581 118.498 2.05451

6217.63 93.8472 -82.368 122.825 2.12319

6119.43 93.0589 -79.119 127.228 2.19094

6022,39 92.2369 -75.816 131.708 2.25780

5926.70 91.3840 -72.463 136,259 2.32376

5594,65 89.1323 -63,883 147.931 2.48476

5475,20 86.7365 -55.025 160.013 2.64071

5271.11 04.2264 -46.109 172.296 2.78949

5139,38 81.7227 -36.670 185.278 2.93787

4970,54 79.0438 -27.000 198,529 3.08114

4822,43 76.3429 -16.994 212.230 3.22173

4676.18 73.6434 -6.909 226.114 3,35719

4533.72 70.9437 3.347 248.268 3.48888

4415.99 68.3238 13.775 254,696 3.61714

4301.57 65.7901 24.375 269.385 3.74216

4194.61 63.3515 35,155 284,342 3.86427

4091,54 61.0152 46,125 299,574 3.98375

3926.37 56,6471 68.679 330°902 4.21507

3795.15 52.6527 92.106 363.396 4.44002

3698.25 49,0149 116.453 397,040 4.65711

3603.85 45.7305 141,755 431,828 4.86798

3543.86 42.7800 168,043 467.821 S.07368

3479,17 40.1224 195.098 505.542 5.27751

3439.82 37,7245 224.225 543.889 5.47406

3403.62 33,5753 283.329 623.364 5.05270

3407.01 30.1508 345.014 705.679 6.21055

3433.50 27.3042 408.371 789.827 6.54746

3479,88 24.9163 472.613 874.907 6088262

3536.20 22*8958 536.960 960.121 7.15670

3602.39 Z1.1703 600.930 1044.96Z 7.43052

3874,20 19.5811 664.160 1129.0Z0 7.60504

3750.23 18.3657 _26.427 1Z12.115 7.92260

3831.70 17.2431 787.621 1294.107 8.14427

3920.36 16.2283 847.708 1374.940 8.35267

4013.13 15.3183 906,710 1494.612 8,54803

4109.33 14.4979 964.696 1533.100 8.72882

4207.95 13.7562 1021.733 1610.687 8.90111

4305,15 13,0628 1077.920 1687.227 g.06377

4406,11 12.4709 1133.346 1762.920 9021842

4505.75 11.9111 1288.102 1837.822 9.36544

4613.71 11.5519 1238,199 1910.139 9.49767

4715.59 11.0965 1291.390 1983.055 9.83057

4817,86 10.6766 1344.213 2056.754 9.75898

4920.43 10.2882 1396.700 2129.472 9.86231

5177.83 9.4339 1526.512 2309.690 10.17110

5436.15 8.7144 1655.022 2468.394 10.43623

9954.34 7,5686 1909,462 2842.723 10.90971

6994.17 6.0069 2414,033 3545.918 11.69387

12235.35 2.9842 4972.661 7090.844 14.14433

17516.88 1,9907 7760.889 10863.973 15.66079

22815.77 1.4942 10827.627 14916.421 17.02048

28123.16 1.1961 14247.141 19330.254 18.83827

CV CP VELOCITY

OF 50UNO

BTU / L6 -R FT/S(C

1.387 1.718 6453

1. 398 1. 738 6447

1.4 26 1. 788 6432

1. 452 1. 837 6415

1,47T 1.585 6396

1.500 1.931 6377

1.521 1.975 6357

1.542 2.019 6337

1,561 2.062 6315

1,578 2.103 6294

1.595 2.144 6271

1.610 Z. 183 6249

1.624 2. 221 6Z26

1.6 37 Z. 258 6203

1.648 2.293 6180

1.671 2.376 6123

1.694 Z.457 6065

1,726 2.545 6000

1.751 2.616 5963

1.774 2.685 S984

1.795 2.748 5848

1.812 2.804 5790

1.831 Z.859 5727

1.852 2.911 5670

1.877 2.964 5610

2.905 3.019 5590

1.937 3.076 5487

2.011 3.191 5373

20097 3*307 5265

2.194 3.421 5169

2.296 3.541 5875

2.4 O0 3. 653 4999

2.523 3.787 4919

2*621 3. 890 4663

2.793 4.057 4796

2.923 4,173 6747

3.089 4.241 4735

3.053 4.265 4746

3.064 4.259 4172

3.051 4.220 4809

3.022 4.184 _695

2,983 4.131 4905

2.939 4.074 4960

2.895 4.016 5019

2. 852 3.958 5079

2.812 3.903 5148

2.777 3, 853 5201

Z. 744 3.807 5260

2.717 3. 765 5320

2.692 3. 729 5377

2.635 3.693 5473

2.618 3.867 5534

2,600 3*645 9994

2.586 3.625 5653

2.560 3.588 5798

2.543 3.561 5939

2.526 30531 6210

2.515 3.508 6721

2.854 ].634 8810

2.927 3.908 10408

3,197 4.182 11760

3.672 4.692 12902

g
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6600 P$IA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

TENPERATURE DENSITY VIOH/OV}p

0EG. R LB/GU FT 8TU/LB

v(OPIDU) v -V(OP/DV) T

P5IA-CU FT/BTU P$IA

43.240 5.71380 720.01 12._64 _1_69,3q

44 S,70340 723.47 12.403 41180.kk

46 5.6758_ 731.96 12.198 40_19,15

40 5,84795 739.79 12.006 39656.6?

50 5,61975 747.28 11.817 3889_,31

52 5.59126 75_.05 11.6_1 38133.3_

54 5,562_8 759.92 11._01 3?375,05

56 5,53342 765.52 11.323 36620.65

SB 5,50_10 770.64 11.172 35071,30

60 9.47_SZ 775.12 11.031 35128.42

62 5o44_$9 779.31 10,89k 34392.93

5.41462 782.96 1_,765 33666.06

66 5.38431 766._0 10.639 329_8.92

611 5.35379 789.29 10.522 322_2.60

70 5.32305 791,50 10,416 31548.13

75 5,24536 796.13 10.167 29070.50

80 5.16661 801.19 9.910 28280.20

85 5.08703 010.2_ 9.590 26014.31

90 5.00555 823.q0 9.322 25726.93

95 _.92637 831.82 9.045 24_86,73

100 4.8469; 841.26 8.77_ 2337_,05

105 4.7679Z 8_8.95 8.523 22295,66

110 4.68948 856.84 8.263 21260.75

115 4.61162 867,57 7,999 20364.88

lZ0 4.53466 078.83 7.730 19506.1_

125 4.45866 891.23 7.459 18702,31

130 4.38368 904.3_ 7.187 17935.99

140 4,23699 937.12 6.649 16636.00

150 4,09538 976,25 6,130 155_2.$8

160 3.95939 1022.09 5.643 146_3.93

170 3.830Z0 1068.77 5.201 13803._5

180 3.706_0 1121.55 4,610 13134,26

190 3,58812 1178.28 4._33 12_03.67

200 3.47565 1232.66 4,141 11955.61

220 3,26742 13_3.91 3.679 11121.71

ZkO 3,08052 1452,55 3,348 10_95.39

260 2.912_3 1593.33 3.116 10000.51

280 Z.76176 1645.23 2,955 9610.58

300 2.62557 1726.97 2.8_6 928_.52

320 2.50227 1800.38 2,773 9014.15

340 2.39005 1866.69 2.725 0781.50

360 2.20755 1927.62 2.694 8578.85

380 2.19362 1985.80 2.67_ 8_05.30

400 2.10230 20_.19 2,660 8261.39

420 B.02260 2102.75 2.648 8137.8_

440 1.95439 2162.32 2.638 0031.22

460 1.88646 2223.38 2.626 7938.13

_80 1,823_k 2284.51 2.614 7850,19

$00 to76_7_ 2348.05 2.601 7775.67

S2O 1.71002 2k12,26 2.587 7704.93

540 1.653_8 2430.67 2.651 7628,66

560 1.60453 2501.29 2,643 7568.21

560 1,55926 2564.5_ 2.634 7512.31

600 1.51621 2528,90 2.624 7_60.42

650 1._1863 2793.37 2.598 73_5.41

700 1,33310 2961.87 2.571 72_7.37

800 1.19046 3307.18 2.517 7088.43

tOOO 0.98158 4007,41 2.433 6865.35

ZOO0 0.52452 7814.95 2.144 6417.73

3i0i 0.3580_ 12311,53 1.099 6271.80

4800 0.27173 17351.27 1.720 6199,67

5000 0.21057 24111.96 1.490 6147,00

• TWO-PHASE BOUNORY

(OV/OT_V THERMAL
CONDUCTIVITY

1/DEG. R BTUIFT-MR-R LBIFT-x10 _EC

0.0023861 0.10486 3,W36

0,0024019 0,10585 3,299

0,002_42_ 0.10811 2.984

0.002_82_ 0,10993 2.7Z3

0,00Z5222 0,111_0 2.50_

0.0025611 0.11258 2.]18

O,00Z59q_ 0,11351 2,160

0.002637? 0,11374 2,023

0,00267S6 0.11380 1,90_

0.00271_2 0,11374 1,799

0.0027505 0,11359 1.708

0.002T076 0.1131_ 1,626

0.00202_3 0,11301 1,55_

0.0028607 0.11_60 1._89

0.002_967 0,1121_ 1,_30

0.00298_0 0.1107_ 1,_07

0.0030662 0.10913 1.209

0.0031_11 0.107_1 1.129

0.0031765 0,10563 1,061

0.003220_ 0.10392 1.006

0,0032661 0,10225 0.950

0,0033030 0.10066 0,917

0,00333&R 0.09946 0.801

0,0033550 0,09046 0.850

0.0033728 0,09751 _.821

0,0033074 0.096_3 0.796

0,003_010 0.09583 0.773

0,003_051 0.09_ 0.733

0,00338?6 0,094_9 0.70t

0,0033471 0,09533 0.673

0,0033130 0.09628 0.651

0.0032571 0.09735 0.58_

0.00321_Q 0,10057 0.597

0,0031554 0.10330 0,603

0,0030189 0,10752 0,609

0.0028720 0,11030 0,609

0.0027303 0.11221 0.506

0.0925926 0.11325 0.603

0.0024660 0,11375 0.599

0.0023_06 0,11308 0,597

0.0022_12 0.11383 0.595

0.0021431 0.11370 0.595

0.002051_ 0.11357 0,595

0.00196_ 0.11352 0.597

0,0010823 0.11359 0.600

0.0018052 0.11300 0.604

0,0017329 0.11_16 0,608

0.0016666 0.11_67 0.613

0,0016030 0.11533 0.619

0.0015_59 0.1161_ 0.625

0.00151_3 0.11706 0.632

0,001_6_2 0,11812 0.638

0,001_212 0.11927 0.6W6

0,0013790 0.12053 0.65_

0,0012843 0.12399 0.674

0,001202_ 0,12784 0.696

0.0010677 0.13632 0.743

0.0000750 0.15_ 0.8_1

0.000_650 0.2722? 1.337

0.000317_ 0.39268 1.790

0.0002410 0,51482 2,206

0.00019_6 0.70590 2.595

CI _b

VISCOSITY THERMAL DIELECTRIC PRANDIL

DIFFUSIVITY CONSTANT NUMBER

SQ FT/MR

3.01068 1,30329 2,0267

3.01068 1.30269 1.9497

0.01065 1.30110 1.7766

Q.010_0 1.299k9 1,6378

0,_105_ 1,Z_786 1,52_9

0.010_3 1.29622 1._315

3.0103_ 1.29_5& 1.3530

0.0101_ 1.2_289 1, Z9ZT

_.0100_ 1.29120 1.2_17

0.0098_ 1.20950 1.1970

0,0097_ 1.20779 1.1601

0.30959 1.28606 1,1275

0.009_5 1._0933 1.0994

0.00931 1.28258 1.07k8

0.0091_ 1.28002 1,0528

0.0008q 1.27638 1.0094

0.0086D 1.27189 0,979S

0.00030 1.2_736 0,9626

0.00807 1.2627_ 0.9462

0.0078_ 1.25826 0. 9357

0.00768 1.25377 0.9272

0.00753 1.24932 0,9201

0.007_2 1.2_91 0.9122

0.0073_ 1.2400_ 0,9043

0,00725 1,23624 0.8980

0.00716 1.23199 0.8952

0.00711 1.22701 0.8935

0.0069_ 1.219_? 0,8922

0.0069_ 1.2110_ 0,8827

0.0070_ 1.20_37 0.8690

0.00710 1.19727 0.8614

0.08719 1.19049 0.7938

0.00?40 1.18_07 0.8095

0.0076_ 1.17797 0,8100

0.0081t 1o16673 0.8275

0.0005_ 1.15671 0.0290

0.0090_ 1.14775 0,82_1

0.00961 1.1397_ 0.8174

0.01017 1.13255 O.BOOO

0,01076 1.12607 0.7970

0.01130 1.12019 0.707?

0.01203 1.11483 0.7782

0.01271 1.1099_ 0,7692

0.013_2 1.1054_ 0. 7607

0.01k15 1.10135 0,7527

0.01_9_ 1.09756 0.7454

0.01571 1,09_0_ 0.7306

0.01652 1.09082 0,7326

0.01735 1._8781 0.2271

0.01821 1.08501 0.7222

0.01917 1.08211 0,7171

0.02007 1.0786_ 0.7136

0.02099 1.07731 0.7105

0.0219_ 1.07512 0.7077

0.02436 1.07017 0.7022

0.02693 1.06585 0.6981

0.032_ 1,Q5865 0.6925

0.0_93 1,0_819 0.6808

0.1_5_7 1.02555 0.6310

0.28065 1,01739 0,6_1_

0.4530_ 1,01310 0.6450

0.68e3_ 1,01059 0.6209
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I i

C-2b

6500 DSIA IS)BAR

TEMmERATURE VOLUME

OEC. R CU FT/LB

-ll O,IT3w?

0.17k09

._ 0.17k91

50 O.1TSTW

52 0.17660

5_ 0.1?7_7

56 0.1T835

:5 0.17926

0.18018

-' 0.15111
6_ 0,18206

6& 0.1830]

68 0.18402

70 0.18502

75 0.18761

RO 0.190]0

85 0.19310

90 0.19501

95 0.19907

100 0.20214

105 0.20530

110 0.2085_

115 0.21185

120 0°21523

125 0.21368

130 0.22219

140 0.229_1

150 0.23687

160 0.2;453

170 0.2573;

180 0.26031

190 0.266;0

200 C.27661

ZZO 0.29335

2;0 0,3103b

260 0.32750

200 0.3447Z

300 0.36196

320 0.37920

340 0.39646

360 0.k1367

300 0.43067

;00 0.4;006

;20 0.46519

_.0 0.48227

460 0,k9928

480 0.51620

500 0.53302

520 0.54975

540 0,56819

560 0.58_08

580 0.60192

600 0,61873

650 0.66060

700 0.70230

800 0.78530

L000 0,95025

ZOO0 L.76934

3000 2,58737

_000 3._O&L_

5000 _.23187

e TWO-PHaSE BOUqDRY

THFPMOUvNAHIC pI -RTIES OF PAR&WYIROGEN

ISOTHEPM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE OE&I_TIV_ ENERGY

CU _T-P_IA/LB P_:A/R BTUILB BTUILB BTUILB-R

7_62.79 100.5847 -%10.095 98.691 1.37052

7;93.53 100._602 -108.161 101.37k 1.42969

7396.85 100.2122 -105.562 10h.961 1.50602

7290.;0 99.8785 -102.897 10_.644 1.58118

7201,35 99.46q_ -1Q0,t38 11_._19 1.65521

7107.88 98.9931 -97.321 116,283 1.72812

700_.17 98._573 -9_._38 120.233 1.79995

6_05.41 97.868_ -91._89 12_.268 1.87074

650_.77 97.7317 -88.479 128.305 1.94052

6708.,_ 96.5519 -_5._09 132.583 2.00931

6510.61 95.8332 -82.282 I36.8_h 2.07715

6513.44 95.0789 -79.100 1_1.203 2.14406

b_17.13 94.2923 -75.865 145.626 Z.ZIOO?

6321.84 93.4760 -72.581 150.118 2.27518

_089,2_ 91.3210 -6_.176 161,635 2.43406

586e_.95 89.027_ -55.501 173.551 2.58785

5657,39 86,6223 -_6,762 185.662 2.73k53

5_62.93 8_.1305 -37.51& 198.407 2.88021

53_7.15 81.7305 -28,007 211.60_ 3.02287

5181.05 79,1277 -18.174 225.13] 3.16169

5053.00 76.5266 -8.253 23_._57 3.29561

h911.61 73.qW52 1.8_6 _52.847 3.;_576

_787.89 71.350_ 12.125 267.115 3.55260

;667.53 68.3367 22.580 201.63_ 3.676Z0

_561.02 66,_072 33.222 796._30 3.79697

_457._1 6_.0670 4_.060 311._9 _ 3.91515

_273.88 59.665_ 66.361 3;Z,_" ;.14;7_

4t26.81 55.6336 89.570 37_,6_ ;.36676

3999.98 51.9446 113.740 406._62 ;.58227

_26._6 4_.592, 138.a91 _42.619 ;.?9170

_7.97 ;5.5528 165.0h6 ;78°363 ;.99598

3778.97 42.8168 192.788 515.840 5.19647

3727.26 ;0.3372 221.022 553.955 5.39383

36_e.70 36,0205 280.022 633.110 5.7709;

3656.08 3_o42;1 3k1.688 715.248 6.12802

3571.58 Z9.;158 405.076 799.285 6.h6;60

3705.16 26.8760 _6q,39_ _84.311 6.779;2

375_.36 Z_.7194 533.535 q69°_93 7.07339

3812.55 22.8696 597.917 t05_.335 7.3;728

3881.35 2102701 661.267 1138o456 7.60192

3950.80 19.8797 723.655 1221.557 7.83950

40Z6.13 18.6540 78_.982 1303.587 8.06128

;108.90 17.5657 8_5.2t; t]64.505 8.26889

4196,15 16.5900 904,379 1_6_.296 8.46353

4286.23 15.7095 962.54_ 1543.017 8.6;668

;302.28 1_,9113 1019.775 1620.718 8.81940

k_78.88 14.184k 1076.168 1697.k76 8.98252

;579.98 13.5200 1131.608 1773.369 9.13758

467,.17 12.9116 1186.780 t84_.472 9.28500

_777.70 12o5D68 [236.529 19Z0°_17 9.41623

4677.92 12.0156 1289.833 1394,043 9.5G96Z

4_78.67 11.5608 13_2.762 2D67.2k_ 9.67792

5079._4 11,1400 1395.351 21_0.067 9.801_2

5334.15 10.2142 1525.399 2320.51_ 10,09059

5589.83 9°_3_4 1654,110 2_99._28 10.35602

6103.67 8.19Z5 1908.889 265_.093 10.8_996

7136.85 6.5007 2_13.983 3557.730 11,61462

:_359.65 3,2295 _973.576 7103.196 1_o06_50

17632.42 2.154_ 7762.076 10876.296 15.58195

22926.26 1.6177 10528.37_ 14928.087 16.94147

20230.37 1.2950 1;2_t.699 19335.282 18,75782

CV CP ,_LOCITY

OF $OUNO
BTU / LB -R FT/5EC

1.4_J 1.732 6_8;

1.;ZZ 1.769 6573

1._48 10817 6558

1,;7_ 1.865 65_1

1._98 t,910 6523

1.519 1.954 6505

1.560 1.996 6_86

1.559 2.038 6;66

1.577 Z. 078 6_66

1.59_ 2.11_ 6425

1.610 2.156 6;0;

1,626 2,193 6382

1.638 2.229 6360

1.650 Z,263 6339

1.67_ _.343 628k

1.698 2.423 6228

1.731 2.510 6164

1.758 2.587 6104

1.781 2.652 607k

1.803 2.717 6015

1.020 2.770 5969

1,840 Z.826 5912

1._62 7.878 58S6

10807 2°932 5796

1.915 2.986 573q

1.9;8 3.0;2 5679

Z. OZZ 3.159 5561

2.110 3._79 5_51

2°206 3o401 5365

2.308 3.514 5262

2,412 3.630 _160

2.534 3.764 5099

2.633 3.870 5038

2.805 _*045 4951

2,93_ W.165 ;904

3.0Z0 k._37 _885

30063 k.26_ ;888

3.07; 4,258 _909

3,061 4.229 kg40

3.03I 4.10; 4982

2.992 ;*133 5028

2.9;8 4.077 5079

Z. 90_ _.0Z1 5134

2.861 3. 965 5190

2.822 3.913 52_7

2.786 3.063 5306

2.75_ 3.018 5363

2,7Z7 3.776 5421

2.703 3.741 5_74

2.6;1 3.699 5567

2,622 3.673 5626

2.605 3.650 5684

2.591 3.630 5742

2.565 3.592 5883

Z.5;7 ].565 6020

Z.530 3.53; 6265

2.518 3.508 6787

2.656 3.63_ 8|S2

2.928 3.908 104_1

3.196 4,180 11787

3.660 4,677 12929

[
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THERMO�YNAMIC PROPFPTIES OF PARAH¥DROGEN (:-2b

6500 PSIA ISOBAR

TENPERATURE DENSITY

DEG. R LB/CU FT

@(3H/DV)p v(OP/OU) V -V OP/DV)

BTU/LB PSIA-CU FTIBTU PSIA

m W;.;TE 5,76;B8 750.97 1Z.W60 W3620.L_

_6 5.7_k27 758,19 12,300 &30WW.82

_8 5,7173Z 766.q9 12o102 _ZZ�O,tE

50 5.69006 775.;4 11.909 4153_.17

52 5.6625_ 783.12 11.729 _0770.23

54 5.63_83 709.86 11.585 _0023.53

56 5,6068_ 796.37 11,_03 39271.25

58 5,57861 802.25 11.250 38522.57

6| 5,55015 80?._9 11.107 37778.61

62 5.521_7 012.42 10.968 320_C.50

6k 5.W9258 516.71 10.837 36309,32

66 5,46349 820.87 10.710 35566o13

68 5°;3;20 82_.37 10.591 3_821.94

70 5.40_72 827.1_ ¢0,485 34167.27

75 5,33024 832.90 lO.235 32457._0

80 5.Z5480 63F.q3 g,g79 30829.68

B5 5°175_? 8_8.89 9.661 2g_R?.lq

90 5.10177 857.04 9.303 27870.61

95 5.02316 871._1 9,137 26060.13

100 4,94694 800.05 8.824 75630.]5

105 ;._7080 890,94 8.831 24612.1_

110 ;.79531 900.11 8.381 73552._7

115 ;.72028 911.60 8.11q 22600.17

120 _.64619 923.65 7.852 21686.2;

125 4.57Z91 937.72 ?.582 20857.12

130 _.50059 ?52.56 7.309 20062,77

140 4.35903 986.3_ 6.768 18629.97

150 4,22177 1026,72 6.Z46 17_22._5

160 _,089_1 1071.05 _.758 16357.56

170 3.96264 lZZ$,08 5.313 15559,92

180 3,04155 1117.87 4.916 lk282.17

190 3.72579 1237.74 4,53k 14079.65

200 3.61522 t292,73 4,230 1347_.86

220 3,40085 1_04.28 3.76? 1250_.06

240 3.22204 1513.50 3,k29 11781.96

260 3,05342 1614.63 3.190 11210.91

280 _.90086 1705.35 3.0zs 10248.22

300 2,7627? 1707.33 2.910 10375.21

320 2.63711 1859.38 2.83_ 1005_.12

340 2.52232 1925.98 2.782 q790.02

360 Zo41139 1985.50 2.749 2550.64

380 2.32086 20_2,2_ 2.?26 934_.18

400 Z.23186 Z098,98 2,710 9170.51

4Z0 2.14965 2155.88 2.697 9020.24

k_O 2.07352 2213.5_ 2.68_ 8887.60

460 2.00209 222_.08 2.672 0277._k

400 1o93724 2335.58 2,658 8676.68

500 1.87509 2;00.07 2.6_3 8592._4

520 1.81_01 2_63.19 2.626 8502.28

540 1,75957 2;86.32 2.691 8408.61

Y60 1,70918 Z5;8.41 2.661 8337.26

Y80 1,66135 2611.39 2,671 8271.32

600 1.61622 2675,52 2.660 8210.1_

bSO 1.5137_ 2835.56 2.631 8074.65

700 1.42388 3007.82 2.601 7959.28

800 1o27340 3352.88 2.5_3 7772.42

tO00 1o05235 4052.03 2._53 7510.47

2000 0.56518 7860.28 2.152 6985._6

3000 0.38_9 12358.3_ 1.904 6814.81

kO00 0.29355 17392.58 1.72_ 6730.86

$8i0 0.23630 24093.81 1.498 66?0.89

(DVlOT _v THERMAL VISCOSITY THERMAL DIELECTRIC PRANDIL

} CON3U_TIVITY OI_FtIS[VITY CONSTANT NUMBER

Z/DEC, _ RTUIFT-HR-R L_IFT-SEC SO FTIHR
X 10 _

0.032]059 0.1090_ 3.587 _._109_ 1.30624 2.0505

D.00_]33_ 0,11081 3.312 0,01090 1o30505 1.9037

0.00216_6 0.1E27_ 3.00_ 3.01085 1.30350 1.?456

O.O0_wO_7 0,11_30 2.754 _.010T7 1,3019_ 1,6175

0.002_393 0.11556 ?.5_0 _.01068 1,30033 1.51t6

0.002_7I_ 0.1E656 2.358 0,01059 1.29673 1.;228

3.0025071 0.11680 2.201 3.010_k 1.29212 1.35_2

_,0025_0_ 0.116q_ 2.066 0.01028 1.2_5_9 1.296E

0.0025737 0.116_2 1,947 0,0101_ 1.29385 1.2462

0,0926067 0.11680 1.843 0.00_9q 1.292_0 1.2033

3,002639; 0.11658 1.752 _.00985 1.2905_ 1.1661

0.002_718 0.116_7 1.670 0.00_T0 1.28867 1.1341

0.00270;0 0.11S89 t._97 0.009S? 1.20719 1.1060

0.0077358 0.115_ 1.532 0,0094_ 1.28550 1.0810

0.0028136 0.11408 1.395 3.0091] 1.28123 1.0313

0,002887T 0.112_8 1._86 3.0088_ 1.27692 0,q969

0.0029567 0.11020 1.198 0.008S2 1.22252 0,9?70

0.0030186 0.10902 1.125 0.00826 1.26620 0.9611

0.0080_28 0.10222 1.063 0.00805 1.26375 0,9_66

9.00T0873 0.10553 1.012 3.00?85 1°259k2 0.9379

0.003109] 0.1D391 0._68 0.00?73 1.25512 0.9288

0.003139_ 0,10270 0._9 0.0075_ 1.25086 0.9205

0.0001571 0.10167 0.895 0.00748 1.2_664 0.9123

0,00317_Z 0.10071 0.865 0.00739 1,2_248 0.9066

0,00316_9 0.09981 0.838 0.00731 1,23637 0.9028

0.003193] 0.09097 0.81_ 0.0072] 1.23433 0.9007

0,003202? 0.09?53 0.T72 0.00708 1°22644 0.900_

0.0031932 0.097S6 0.?37 0.00705 1,21863 0.8920

0.0031T_6 0.09837 0.708 0.00707 1,2|151 0.8813

0,0031229 0,09929 0.68_ 0.00713 1.2045_ 0.8709

0,0030816 0.1006_ 0.610 0.00722 1.19789 0.2918

0.0030410 0.10390 0.620 0.00741 1.19156 0.8060

0.0029935 0.10663 0.6_6 0.00762 1.18554 6.8176

0.0028802 0.110 79 0,631 0.00804 1.17435 0.0293

0.0027520 0.11354 0.630 0.008_6 1.16429 0.8322

0.00762]9 0.11523 0.626 0.008ql 1,15526 0.8291

0.0075005 0.11611 0.622 0,00939 1,14713 0.8220

0.0023825 0.116_6 0,617 0.00990 1.13980 0.8126

0.00227_7 0.11644 0.6tk 0.0104_ 1.13316 0°6024

0.0021726 0,1162_ 0,611 0.01101 1,12212 0.1918

0.0020815 0.11597 0,610 0.01161 1.12162 0.7821

0.0019963 0.11071 0.609 0,01223 1.11657 0,7729

0,0019t55 0.11555 0.610 0,01288 1.11193 0,7644

0.001839_ 0.115S2 0.612 0.01355 1.10766 0,7565

0.0012626 0.11563 0,61S 0°01425 1.10371 0°7492

0.0016909 0.11S81 0.619 0.01k98 1.10006 0.7425

0°00163_8 0.11635 0.623 0.01573 1.09567 0.7363

0.0015735 0.11695 0.620 0.016S1 1.09352 0.7305

0.0015186 0.11769 0,63_ 0.01730 1.09059 0,7256

0.001;816 0.11858 0.640 0.01871 1.08756 0,7192

0.0014412 0.11958 0o6_? 0.0190_ 1.08496 0,715S

0.0013927 0.12070 0.65; 0.019_t 1.08252 0,7122

0.0013569 0.12192 0.662 0.0207_ 1.08021 0.709;

0,0012650 0.12533 0.682 0,02305 1.07500 0,7035

0.0011853 0.12915 0.?04 O.02SWW 1o070WW 0.6991

0.00105_1 0.13?63 0.250 0.0305_ 1.06283 0,6932

0,0008656 0.15611 0.8_9 0.0422q 1.05173 0.6871

0.000;623 0.27727 1.355 0.13500 1.02255 0.630_

0.0003162 0.39267 1.qZO 0.2599q 1.01878 0,6519

0.0002k03 O,51_wk 2,2w6 0.W1920 loOt;2; 0.6570

0.00019_1 0.20237 2.6_6 0.635_7 1.011_5 0.63_2

[
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C-2b

7000 PSIA ISOBAR

TEMPERATURE @OLUHE

)EG, R CU FT/LB

_5.676 0.17Z01

k6 0,17213

40 0.17291

50 0,15370

52 0,17451

54 0.1T533

56 0.17617

50 O*I?TOZ

60 0.17588

62 0.17876

6b 0.15)66

66 0.1805/

68 0.10149

70 0.18_3

75 0.184_5

00 0.18736

05 0.1899?

90 0.1926T

95 0.195_6

100 0.1903W

105 0.20135

110 0.20435

115 0.20?42

120 0.Z1056

1Z5 0.21375

130 0.21100

140 0.22365

150 0.23051

160 0.23756

170 0.24477

100 0.25Z12

190 0.25954

200 0.26?00

220 0.28246

240 0.29012

Z?B 0.31394

280 0.32984

301 0.34576

320 0.36171

340 0.37?66

360 0.39359

380 0.40949

bOO 0.42i39

420 0.441Z6

440 0.45?09

460 O.4TZBT

480 0.48859

500 0.504ZZ

SZO 0.51978

5_0 0.55681

560 0.55249

580 0.56812

600 0.58373

650 0.6Z261

700 0.66132

800 0,73837

1000 0.89149

2000 1.6SLTO

3000 2.4110k

_000 3.15115

5000 3.93T57

• TWO-PHASE BOUNORY

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN

'+'-°,u,/"_ ++

ISOTHERM ISOCHORE INTERNAL ENTHALRY ENTROPY CV CP VELOCITY

0ERIV_TIVE DERIVATIVE ENERGY OF $OUNO

3U FT-PSIA/LB PSIA/R BTU/LB BTUILR BTU/LB-R BTU I LB -R FT/SEC

7871.27 102,1937 -107.811 115.150 1,38071 1.413 1.745 6T11

7856.23 102.165_ -107,_06 115.716 1.39307 1,410 1. T53 6109

7767,68 101.9382 -10_._61 119.269 1.46068 1.445 1.800 6695

7668.19 101.6247 -I02.2_1 122.917 1,5_313 1.4TI 1.847 66?9

TS72.ql 101.235_ -99.5_8 126.656 1,61645 1.495 1,892 6663

?_7T.04 100.T8C5 -96.T86 130.482 1.60865 1.517 1.934 6646

?]66.73 100.2662 -93.959 134.393 1.759?6 1.538 1.976 6629

720W.16 99.6996 -91.068 138.387 1.82903 1.550 Z.017 6610

T187.50 99.0862 -88.115 142._61 1.89889 1.576 Z. 057 6591

FOgG.R3 9_.9308 -05.104 146.61] 1.96695 1.$94 Z. 09S 6571

6994.61 97.7375 -82.036 150.840 Z.03406 1,610 2,132 6551

6898.71 97.01_0 -78,914 155.141 2.100Z3 1.625 Z. 169 6031

6503._0 96.2513 -55.?39 159.51_ 2.16550 1.639 2.204 6510

6T08._5 95._6_1 -72.515 163,955 2.22986 1.651 Z.237 6498

6_76,8_ 93,3860 -64,268 IT5.335 Z.30606 1.656 2.315 6438

6253,09 91,1769 -55.753 187.105 2,53876 1.701 Z.392 6383

6039.9; 08.8594 -47.176 199.061 Z.68357 1.736 2.478 6321

5839._0 86.;562 -38.092 Z11,647 2.8Z742 1.763 2.555 6261

5653.99 83.9882 -28.758 224.601 2.96749 t.787 2.626 6203

5_0_.71 81.45_6 -19.082 Z38.010 3.10506 1.810 2.691 6147

5386.32 79.1668 -9.299 251.607 3.2305_ 1.028 Z.745 6121

5276.88 76.6536 0.656 265.542 3.36744 1.840 2.795 6081

5138,12 74.1700 10.795 279.698 3.49292 1.871 Z.852 5024

5035.03 71.6963 21.123 294.051 3.61543 1*696 2.902 5979

4Y13,99 69.2739 31,639 308.699 3.73501 1.925 2.958 5914

4013.78 66.9335 42.358 323.631 3.85213 1.958 3,013 5858

4626.34 62.5194 64.436 35_.333 4.07961 2.033 3.129 5743

4496.00 58.450T 07.441 306.230 4.29963 2.121 3.253 5626

4326.82 54.7165 111.436 419.368 4.51345 2.218 3.3?5 5523

4216.37 51.2995 136.447 _93.721 4.72168 2.320 3.496 5426

4155.95 48.1866 162.481 489.277 4.92480 2.424 3.606 5353

4083.36 45.378k 190.112 526.532 5.12610 Z, S4b 3.?41 5ZTZ

4014.85 42.8272 218.254 564.443 5.320_8 2.644 3.851 5205

3938.21 38.373T 277.127 643.252 5.69593 2,816 k.031 5111

3907.43 34.6204 338.797 T25.176 6.0520? 2.945 4.150 5055

3910.05 31.4696 402.148 809.0?5 6.38796 3.030 4.232 5030

3)35._0 28,7913 466.515 094.058 6.702T7 3.073 4.262 5028

3_75,17 26.5069 531.032 979.20T 6.99663 3.084 4.258 5042

4027.63 24.5402 595.209 1064,055 7.27054 3,070 4.229 S070

4087.21 22.8347 650.662 1148*193 7.52523 3.040 4.186 5106

4155.5_ 21.3494 721.159 1231.329 _._6291 3.001 4.134 5190

4223.41 20,0420 702.59? 1313.380 ?.98453 Z. 9S? 4.0T9 519S

4301.70 18.6815 842.951 1394.351 8.19249 2.913 4.023 5247

4382._0 17,8418 902,248 1474.215 8.38730 2.870 3.970 5299

4W67,51 16.9061 960.560 1553,044 8,570_0 2.030 3.919 5354

4559.31 16.0555 1017,956 1630,897 8.T4376 z.?gs 3.872 5409

4654._7 15.2787 1074.529 170T.042 8.90728 2.763 3.828 5465

• 751.35 1_.5671 1130.361 1783.942 9.062_6 2.736 3.737 5520

4848,90 13.9136 1185.537 1859.275 9.21063 2.?12 3.751 SS?4

_943.28 13.4606 1235.008 1930.827 9,34084 Z,648 3.?04 $660

5041.76 12.9301 1236.415 2004,552 9.47441 2.620 3.6?8 5TIT

5140.91 12.4408 1341.445 Z077,853 9.60289 2,611 3.655 5T74

524_.60 11.9879 1394.130 2150.765 9.72654 2.597 3.635 5830

5491.64 10.9912 1524.401 2331.433 10,01605 2.5_0 3.596 596?

514_.53 10.1515 1653.320 2510.535 10.28177 2.552 3.569 6101

6753.?_ 8.0142 1908.429 2065.516 10.T5613 2.534 3.537 6360

72T9.85 6.9927 7414.016 3569.5?5 11.54126 2.521 3.509 6152

1Zt82,93 3.4741 4974.582 Tl15,535 13.99255 2.657 3.634 8093

1_746.16 2.3185 7763.364 10888.503 15.50898 2.929 3.903 10472

23034,45 1.7_08 10829.287 14939._64 16.86833 3.195 4.178 11814

28334.96 1.3938 14237.114 19341.027 18.68341 3.649 _,665 129§4

r
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?000 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARANYOROGEN

TENPERATURE DENSITY V(DHIDV)p V[DP/DU) V "V(DPIDV) T

OEG. R LBICU FI BTU/LB pSIA-CU FTIBTU RSIA

• 45.676 5,013&3 T81.45 12,439 45?60.6!

46 5.00942 783.11 12.405 h5640.13

48 5.78328 792.fl9 12,201 44893,70

50 5.75600 802.29 12,003 44144.96

52 5.T30ZB 81C.90 11,818 43394.89

54 5.20343 818,52 11.650 42644.75

56 5.676]7 025.03 11,485 41895,70

58 5.6;909 832.59 11.328 61148,00

60 5.62152 838.60 11,102 40405,39

62 5.59395 844.29 11.0;0 39666.30

64 5.56610 849.34 10.900 38932.65

66 5,53806 854,12 10.779 36205,45

60 5,50985 858.25 10.659 37485.70

70 5.48147 061,52 10,551 367?4.35

75 5.k0904 068,62 10,299 35038.70

80 5.33733 _75.73 10,042 33374°20

85 5.26408 086.79 9.725 31794.75

90 5.19027 895,68 9.448 30309,11

95 5.11610 904.38 9.185 28926.38

100 5.04181 913.43 8.930 2T652.85

105 4.96659 927.67 0.719 26751,64

110 ;.89347 941.68 0.4T5 25822.24

115 4.82109 952.42 8.223 2_?71.33

120 4,7492? 967.95 ?.960 23912.73

125 4.67846 981,71 7,690 22909.88

130 4.6083T 998.54 7,418 22183.71

140 4.47128 L035.2q 6.876 20685.63

150 4.33821 1075.82 6.351 19331.04

160 ;.Z0940 1&23,51 5,060 18213,30

170 4.08546 1174.42 5,411 17225.02

180 3.96643 1234.2h 5,011 16484,28

190 3.85295 1Z97,19 4,625 15732,98

200 3.744Z3 1351.81 4.325 15032.56

220 3.5;035 1464.72 3.849 13942.67

240 3.35433 1573.62 3.505 t3106.82

269 3,10537 1674,96 3.260 12454.96

280 3.031?7 1765.97 3.090 11930.62

300 2.89220 1846.82 2.972 11k97.00

320 2.76468 1919,10 2.891 11135.11

340 2,6;?06 1983.89 2.836 10822.36

360 ?.54OF; 2044.23 2.800 10558.10

300 2.44207 2099.05 2.776 10313.87

400 2.35016 2154.77 2.758 10112,20

420 2.26623 2209.73 2.743 9931.54

440 Z.18216 2265.95 2,730 9774.69

460 2.11474 2325.08 2.716 9641.75

400 2.04671 2386.38 2.701 9525.96

500 1.96324 2449.90 2,685 9423.10

520 1.92391 251_.97 Z.666 9328.83

540 1,86286 2533,77 2,729 9208.61

560 1.01000 2595,55 2.718 9125.61

580 1.76018 2658.25 2.707 9048.92

600 1.21312 2722.16 2.695 0922.80

650 1.60615 2085.81 2.663 0820.37

?00 1,51212 3053.80 2.631 8686.k1

800 1.35433 3398.60 2.569 0469.62

1000 1,12122 4098.29 Z.473 6165.93

2000 0.6054_ 7905.56 2.160 2551,61

3000 0.41476 12404.89 1,900 ?360.37

_000 0.31534 17434.30 1.728 7263.75

5000 0.25396 24082.6; 1.504 2196,06

C-2b

(OVIOT_p/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY OIFFU$1VITY CONSTANT NUMBER

I/DEC. R BTU/FT-NR-R L@/FT-SEC SQ FTIHR
X 10 _

0.0022332 0.11308 3.239 0.01115 1.3090? 2.07?4

0.0022305 0,113k5 3.675 0.01114 1.30883 2.0;44

O.OOZZ?07 0.1_542 3.322 0.01109 1.30731 1.8646

0.0023021 0.11712 3.029 0.01102 1.30579 1,7193

0.0023329 0.11846 2.782 0.01093 1.30_25 1.599S

0.002363] 0.119S2 2.5?3 0.01003 1,30269 1.4993

0.0023932 0.1198_ 2.394 0.01068 1.30113 1. k215

0.0024229 0.11999 2.240 0.01053 1.29955 1.3557

0.0024S23 0.12000 2.106 0.01030 1.29797 1.2992

0.002461S 0.11991 1.988 0.01023 1.29637 1.2S06

0.002510_ 0,11922 1.885 0.01009 1.29411 1.2085

0,0025392 0,11943 1.293 0.0099_ 1.29315 1.1723

0.002567? 0,11906 1.712 0.00981 1.29153 1.1404

0.0025959 0.11863 1,638 0.00966 1.28990 1.1120

0.0026652 0.11729 1.486 0,00937 1.28579 1.0S56

0.0027319 0.11572 1.36S 0.00906 1.20164 1.0163

0.002?948 0.11k01 1.269 0.00874 1.27745 0.9928

0,0020525 0.11225 1.109 0.000;? 1.21324 0.9744

0.0029035 0.11049 1.123 0.00822 1.Z6902 0.9608

0.0029464 0.100?_ 1.062 0.00601 1.26460 0.9505

0,0029593 0.10704 1.018 0.00765 1.26053 0.9q00

0.002968S 0.10S80 0.9?7 0.00773 1.25640 0.9290

0,0029942 0,10476 0.941 0.00?62 1.ZS231 0.9217

0.0029982 0.10326 0.900 0.00753 I.Z4822 0.9147

0.0030132 0.10284 0.880 0.00743 1.24429 0.9112

0.0030172 0.10198 0.8S4 0.00?34 1.24036 0.9086

0.0030224 0.10048 0.810 0.00716 1.23220 0.9082

0.003023? 0.10049 0.??3 0.00212 1.22529 0,9012

0.0030042 0.10129 0.242 0.0071_ 1.21814 0,8906

0.0029281 0.10218 0,716 0.00715 1.21129 0.0826

0.0029232 0.10386 0.632 0.00726 1.20424 0.2898

0.0028843 0.10712 0,641 0.00743 1.198S1 0.8063

0.0028490 0.10986 0.648 0.00?62 1.19257 0.0172

0.002?522 0.1139_ 0.652 0.00798 1.18147 0.8307

0.0026420 0.11661 0.651 0.00636 1.17151 0.83S2

0.002526? 0.11817 0.646 0.008?? 1,16232 0.6330

0.0024132 0.11892 0.640 0.00920 1.15410 0.8262

0.0023096 0.11912 0.635 ].00967 1.14667 0.8120

0.0022039 0.11896 0.630 0.0101T 1.13990 0,8066

0.0021100 0.11862 0.62? 0,010F0 1.13373 0.7960

0.0020221 0.11822 0.624 0.01126 1.12009 0.7857

0.0019432 0.11285 0.623 0.01183 1.12291 0.7764

0.00186?2 0.11758 0,623 0.01243 1.11813 0.7677

0.0017965 0.11745 0.624 0.01305 1.11372 0.7598

0.001?Z96 0.11747 0.62? 0.01370 1.10964 0.7526

0.0016652 0.11262 0.630 0.01432 1.10585 0.7460

0.0016039 0.11803 0.634 0.01507 1.10233 0.2398

0.0015459 0.118S7 0.638 0.01579 1.09905 0.7340

0.0014915 0.11926 0.64; 0.01653 1.0959S 0.7286

0.0014617 0.12008 0.650 _.01740 1.09284 0.2212

0.0014169 0,12105 0.656 0.01819 1.09023 0.2174

0.0013248 0.12214 0.663 0,01899 1.08252 0.7140

0.0013353 0.12333 0.670 0.01961 1.08516 0.7110

0.0012461 0,12660 0.690 0.02193 1,07970 0.7048

0,001168? 0.13046 0.711 0.02418 1.01491 0.?002

0.0010407 0.13893 0.252 0.02900 1.06692 0.6940

0.0008563 0.15757 O.BS? 0.04003 1.05520 0,6614

0.000_597 0.27727 1.323 0.1260_ 1.02993 0,6478

0.0003150 0.39266 1.849 0.24220 1.02016 0.6625

0.0002397 0,51411 2.287 0.39019 1,01530 0.6692

0.000193? 0.69923 2.698 0.$9025 1.01231 0.6479

• TWD-PHkSE BOUNDRY
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C-2b Tfl_PMODYNAMIC PROPERTIES OF PARAHYOROGEN

7500 PSIA 150BAR

TEMPERATURE VOLUNE

aE5. R CU FTIL3

* _6.05Z 0.12063

48 0,17105

50 0,17180

52 0.17257

5k 0.17335

56 0.1741_

58 0°17495

60 0.17576

62 0.17660

6_ 0.1774_

68 0.17830

68 0,17917

70 0,18005

75 0*18232

80 0,10_6F

85 0.18711

90 0.i8964

95 0.19284

iOO 0,19493

105 0.19r69

110 0,20058

115 0,20344

120 0.20637

125 0.20335

130 0.21237

140 0.21055

150 0.2Z_91

160 0.Z3164

170 0,23811

160 0.2_91

190 0.251_

200 0.25878

Z20 0.27300

240 0.28750

260 0.30216

280 0.31694

300 0.33172

320 0.36_54

360 0.36136

360 0.32619

380 0,39098

400 0.60577

420 0.42053

_40 0o43527

460 0.44998

480 0.46_65

500 0.47925

520 0.49379

560 0.50960

560 0.52_22

580 0.53081

600 0.55338

650 0.58966

ZOO 0.625?6

800 0.69767

i000 0.84052

2000 1.56958

3000 Z.25813

4000 Z,96730

5000 3.66240

* THO-PHASE BOUflDRY

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY

DERIVATIVE DERIVATIVE ENERGY

_u :T-PSIA/LB PSIA/R OTUIL6 BTU/LB 8TUILS-R

8171,66 103.7806 -I05.499 131.665 1.39053

8119.83 103.6677 -106.063 133.690 1.43323

0028.27 103.3489 -101.493 137.106 1.50704

7_35.77 102.9768 -90.851 140.813 1*52973

70_2.51 102.5346 -96.140 1_6.606 1.65130

776_._3 10_.0361 -93.365 148o482 1.72178

7654.31 101.4859 -90.525 152.640 1.79121

7559.72 100,0899 -87.625 156.676 1.85963

7465.00 100.2528 -06.667 160.509 1.92705

7370.3_ 99.5790 -81.652 166.77S 1.99351

T_75,_8 98.8720 -76.564 169.036 Z.05904

7181,78 99,1349 -75.46_ 173.363 2.12365

7068,21 97.3706 -72.297 1?7°758 2.18735

6057.56 95.3551 -64.188 189.018 Z.34269

6633.47 93.2132 -55.817 200.658 2.69291

6419.17 90.9665 °67.385 212.676 2.63606

6213.73 88.6407 -38.647 226,919 2.778Z7

6022.00 86.2476 -29,258 237.727 2°91675

5644.56 83,8071 °19,726 250.989 3.05283

5582.64 81.3379 -lO,lOZ 264,467 3,18416

5511.58 79.1720 -0.269 278.291 3,31294

5482.72 76.7363 9.7k2 292*285 3.63735

5368.63 74.3391 19.968 306.560 3°55886

5275,51 71*9736 30*353 3E1.099 3.67755

5152,80 69.6421 40.961 335,697 3.79362

6967.13 65.2200 62.636 366,360 4.01933

4800,19 61.1329 05.656 396.010 4,23?66

4648.50 57,3580 109._86 630.903 4.44989

6532.16 53.8636 136,361 465,052 6.65688

4432.10 50.7026 160.276 500°605 4.85892

6377.95 47.6079 187.615 537.542 5.05958

4314,17 65.1960 215.066 515.263 5.25291

4215.70 60.6212 274.603 653,740 5.62681

6161.43 36,7599 336.156 735.62F S.98188

6t69.81 33.4601 399.545 819,193 6.31725

6165.85 30.6575 463.949 906.109 6.631_9

4197.76 28.2566 528.523 989.212 6.92545

4261.93 26.1798 592.775 1076,056 ?.15938

4296.56 24.3744 656.319 1150.179 7,65403

4356._7 22.7957 716.915 1261.363 7.69185

6425.56 21.4069 780,453 1323.448 1.91377

449_._9 20.1743 840.910 160_._46 8.12156

4571.13 19.0740 900.318 1666.346 6.31665

6651.95 18.0626 958.752 1563.254 8,5000?

4737.88 17,1820 1016.203 1641.216 8.67337

6028,85 16,3595 1073,007 1710.306 8,83720

6923,47 15.6046 1129.006 1796.590 8.59306

502C.73 14.q091 1164.363 1_70.160 9,14134

5110.28 14._069 1Z33.626 1q_1.353 9.2T068

5206,96 13.8397 1287.130 Z015.168 9.60442

530_._4 13.3162 1340.253 2088,557 9.53304

5602.50 12.8317 1393.028 2161.555 9.65684

5650.19 11.76_8 1523,511 2362.623 9.94667

5900.15 10.8656 1652.62Z 2521o705 10,21266

640q.49 9.4336 1908.058 2876.986 10.68742

7423.14 7.4629 2616.1Z9 3581,447 11.47301

12605.22 3,7176 4975.675 7127.862 13.92667

17858.15 2._018 7764.752 10900.833 15.44107

23160._0 1.8637 10830.360 16951,643 16.80026

28436.97 1,4926 14233._57 19347.358 18.61418

CV CP VELOGITY

OF SOUND

OTu / L8 *R FTISEC

1.625 1.758 6834

1.441 1.785 6826

1.468 1.831 6812

1.692 L.875 6?97

1.516 1.917 6?82

1.536 1.959 6?65

1,556 1o999 6748

1.575 2.031 6?30

1.593 2.075 6712

1.609 2.111 8693

1*625 Z. 147 66Z3

1.639 2. 101 6694

1. 651 2° 213 6634

1. 678 2. 290 6585

1.70_ 2.366 6532

1.740 2.650 6471

1.768 Z.526 6613

1.793 Z.596 6355

1,817 E*662 6299

1,836 2.720 6246

1,056 Z. 77Z 6230

1.879 2.026 6180

1.506 2.880 6131

1.935 Z. 931 6885

1.968 2*990 6022

Z,044 3*106 5912

2.132 3.226 5801

2.230 ].353 5691

2, 333 3.6_6 5S94

. 437 3. 596 5S85

2*558 3. ?23 5433

2.656 3.830 5365

2,827 k. 015 5267

2.956 6.149 5202

3.041 4.2?7 5170

3,086 4,259 5153

3.094 4.257 51?2

3.0 00 6* 230 5195

3. 050 6.107 52Z?

3.0 10 6. 135 5266

2.966 4.079 5311

2.921 4*025 5357

2*878 3.973 540?

2*839 3.924 5658

Z.803 3. e78 5510

2.7?2 3.835 5564

2.745 3.75? 561_

2.721 3o761 5670

2.654 3. 708 57S2

2. 636 3,682 5007

Z. 6 17 3. 659 5862

2,602 3.639 5916

2,575 3.600 6090

Z. 557 3. 572 6100

2. 530 3. 539 6433

2.526 3o511 6916

2.659 3.634 8934

2.930 3.907 10503

3.196 _.177 12039

3.639 6.653 12978

[
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C-2h
tHERMODYNAMIC PROPERTIES OF PARAHYOROGEN

7500 PS[A lSOBAR

TEHPERATURE DENSITY ¥(DH/OV_ V(0P/0U_ *V(OP/DV) T

OEG. R LB/CU FT 81U/LB PSIA*CU FT/BTU PSIA

, 46.857 5.86080 811.44

40 5.84625 817.56

SO S.82061 827.93

52 5.79476 837,46

54 5.76871 845.96

56 5.74247 854.13

58 $.71604 861.72

60 5.68944 8&8.52

6Z 5.66266 874,97

64 5.63572 88C.75

66 5.60862 886.2?

68 5.58137 891.00

70 5,95336 89_.92

75 5.48485 903.30

80 5.41495 911.60

85 5.34437 923.89

90 5.27326 933,69

95 S.20178 943.04

100 5.13011 952,49

_05 5.05846 961.39

110 4.98563 979,38

[15 4.91534 992.48

lZ0 4.895_5 1007.73

125 4.776S7 1026.24

130 4.70881 1041.64

140 4.57997 1081.81

150 4.44523 1126.36

160 4.32086 1174.15

170 4.19968 1227.8_

160 4.08315 1283.55

190 3.57109 1853.86

200 3o864Z_ 1412.83

220 3.66297 1526.49

Z40 3.47832 1633.71

260 3.30946 1734,71

280 3,15521 1825.93

300 3.01461 1906.46

320 2.88585 1977,69

340 Z.76730 2042.22

360 2.69825 2101.00

380 2.55766 2157.00

400 2.46444 2210,49

420 2.37796 2264,08

440 2.297k2 2318,99

460 2.22232 2376.42

480 2.15217 2436.51

SO0 2.08658 24g9,42

520 2.02914 2564.89

540 1,96233 2581,19

$60 1.90759 2642.65

900 1.85593 2705.09

600 1.80709 2768.76

650 1.69591 2932.03

700 1.59000 3099*76

800 1.43333 3444.32

2000 1.18973 4143.77

2000 0,54530 7950*76

3000 0.44264 12451.26

4000 6.33700 17476.30

5000 0.27196 24077.21

• TMO-PM8$E 80UMDRY

12.423 47892.52

12.303 474?0.54

12.099 46729.45

11.909 45905°93

11.736 452_1.15

11.567 44496.26

11.407 4375Z.36

tl.258 43010.52

11.113 42271.70

10.978 41537.15

10.047 40007.63

10.725 40084,15

10.616 39367,64

10.361 37612.66

10.103 35919.90

q.784 34301.11

9.508 32766.63

9,245 3132_.10

0,992 29983.20

8.759 28745.39

0.555 27977.24

8.307 26949.45

8,051 26014.02

7.787 25199.36

7.516 24263.54

6.974 22727.49

6.440 21342*71

5.953 20005,51

5.501 19033.62

5.096 18096.93

4.706 17385.23

4.404 15670.97

3.923 15442.28

3.575 14474.76

3.326 13733.65

3.151 13144.13

3.029 12654.67

2.946 12240.73

2.888 11889.80

2.049 11581.92

2.822 11319.04

2.802 11078,87

2.787 10869.90

2,773 10687.90

2.758 10929.08

2.742 10392.53

2.725 10273.24

2.705 10167.69

2,767 10020.08

2.755 9932.73

2.742 9844.64

2.729 9762.95

2.694 9582.19

2.660 9428,45

2.59_ 9179.77

2.492 8831.56

2.167 8134.09

1.912 7908.38

1.731 7798.77

1,510 7722.41

(0V/OTI_V THERHAL VISCOSITY THERHAL 01ELECTRIC PRANDIL

CONOUCTI#ITY DIFFUSIVITY CONSTANT NUMBER

t/DEG. R BTUIFT*HR-R LB/FT*$EC SQ FTIHR
X 10 _

0,0021669 0.11698 3.894 0.01135 2.31181 2.1070

0.0021834 0,11014 3.669 _.01132 1.31097 1.9960

0,0022116 0.11967 3,330 0.01125 1.30948 1.8314

0.0022393 0.12128 3,047 0,01116 1.30795 1.6961

0.002266_ 0.12241 2,808 0.01107 1.30647 1.5831

0.0022931 0.12277 2.603 0,010g? 1.30495 1.4952

0.0023196 0.12295 2.420 0.0107_ 1.30342 1.4209

0.0023457 0.12299 2.276 0.01061 1.30180 1.3571

0,0023716 0.12294 2,t43 0,01046 1.30034 1.30?4

0,0023973 0.12276 2.027 0.01032 1.?9878 1,25_9

0.00Z422_ 0.12250 1.924 0.01017 1.29722 1.2140

0,00244_? 0.12215 1.832 0.0100_ 1.29565 1,1780

0.002_734 0.12173 1.751 0.00990 1,29407 1.1460

0.0025352 0.120_1 1.581 0.00959 1.29009 t.0023

0,0025950 0.11084 1.k40 0.0092_ 1,20608 1,0376

0,0026521 0.11714 1.342 0,00895 1.2820_ 1.0103

0,0027052 0.11538 1,255 0,00866 1.27797 0.9890

0.0027533 0.11360 1.183 0.00841 1.27389 0.9733

0.0027951 0,11104 1,122 0.00019 1.26901 0.9615

0.0028296 0.11014 1.070 0.00000 1.26574 0.9515

0.0028299 0.10880 1.024 0.00787 1.26161 0.939_

0.0020474 0.10773 0.906 0.00776 1.25764 0.9308

0.0928577 0.10671 0.951 0.00765 1.25369 0.9243

0.0028562 0.10575 0.921 0.00755 1.2_981 0.9191

0.0028702 0.10487 0.89_ 0.007k_ 1.24600 0.9175

0.0028697 0.10332 0.8_7 0.00727 1.23852 0.9166

0.0028643 0.10330 0.809 0.00720 1.23130 0.9093

0,002055? 0.10409 0.776 0.00718 1.22432 0.9000

0.0028310 0.10W96 0.748 0.00719 1.21760 0.8923

0.0028017 0.10694 0.653 0.00728 1,21116 0,7899

0.0027499 0*11023 0.662 0.007_ 1.?0499 0.8054

0.0027112 0,11297 0.669 0.00763 1.19913 0.8162

0.0026305 0,11703 0.673 0.00790 1.18014 0.8314

0,0025396 0.11959 0.671 0.00829 1.17811 0.8378

0,0024369 0.12104 0.665 0,00065 1,16899 0.8365

0.002332_ 0,12166 0,659 8.00905 1.16071 0.8301

0.0022329 0.12172 0.652 ).00949 1.15319 0.8211

0.0021387 0.12143 0.6_7 0,00995 1.1_632 0,8107

0.0020500 0.12097 0,6_2 0.01044 1.14004 0.7999

0*0019602 0.12045 0.639 0.01096 1.13420 0.7095

0.0018912 0.11997 0,637 0.01150 1.12098 0.7796

0.0010210 0.11960 0*636 0,01206 1.12409 0.7708

0.001754? 0,21937 0,637 0.01264 1011955 0.7629

0.0016919 0,11931 0.638 0.01324 1.11535 0.7556

0,0016319 0.11943 0.641 0.01386 1,1114_ 0.7491

0.0015742 0.11972 0.64& 0.01450 1.10779 0.7429

0.0015190 0.12019 0.648 0.01517 1.10439 0.7373

0.0014663 0.12083 0.653 0.01586 1.10121 0.7320

0.0014367 0,[2160 0.659 0,01671 1.09797 0.7233

0.0013933 0.12253 0.665 _,0174_ 1.09515 0.7193

0.0013526 0.12358 0.671 0.01825 1.09249 0.7157

0.0013143 0,12473 0.670 0.01897 1.08990 0.7126

0.0012270 0,12802 0.698 0.02097 1,08428 0.7062

0.0011524 0.13177 0,719 0.02308 1.07920 0.7013

0.0010276 0.14023 0.765 0.02764 1.07091 0,6947

0.0000473 0.15902 0.865 0.03807 1*05862 0.6878

0.0004571 0.27727 1.391 0.11824 1.03150 0.6563

0.0003138 0.39265 1.800 0.2269_ 1.02154 0.6733

0.0002390 0.51381 2.330 0.36504 1.01636 0,6817

0,0001933 0,69641 2.?52 0.5511] 1.01317 0.6618
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C-2b

8000 PSl_ iSOBAR

TEMPERATURE VOLUME

3EG° R CU FT/L3

_8,015 0,16931

50 O,ITO0?

52 0.12075

5_ 0.17150

56 0.17Z25

58 0.17301

60 0.17379

62 0.17_58

6_ 0.17536

66 0.1T_19

66 0.17701

70 0.1?785

75 0.17999

80 0.18Z21

85 0.18_50

90 0.18687

95 0.18931

100 0.19182

105 0,19_1

110 0.19706

115 0.19985

120 0.20259

125 0.2053_

130 0.20822

1_0 0.21kO0

150 0.21993

160 0.2Z601

170 0.2322Z

183 0.2385;

190 0.2_97

ZOO 0.Z51_8

220 0.26k69

Z_O O.ZT81T

260 0.2918k

280 0.30563

3O0 0.319;2

320 0.33327

3kO 0,3kFll

364 0.86096

380 0°31679

kO0 0.38859

kIO 0.;02_0

6;0 0.k1_18

660 0.;299k

;80 O.kk36T

500 0._5r35

520 0._7098

540 0._8577

560 0.k99_7

580 0.51315

600 0,52500

650 0.56060

700 0.59_66

800 0.66203

1000 0.79589

ZOO0 1.;603_

3000 Z,1292_

;000 Z._8897

5000 3._5903

g TWI-PHASE BOUqDRY

TPE_MO_YNAMIC FPOPFQTIES OF PAP_HYOROGEN

° .

• 7 •_ "

ISOTHERM [SOCHORE INTERNAL ENTHAL°Y ENTROaY CV CP VELOCITY

DERIVATIVE DERIVATIVC ENERGY 0¢ $OUNO

CU FT-PSIA/LB PSIA/R BTU/LB BTU/LO 9TUILB-_ BTU / LB -R FT/SEC

8WbS._C 105,3_65 -_03.162 IWr.650 I.W0001 1,;3_ 1.77_ 6953

8380._2 105.0598 -100.6_7 tSt,Ii? 1.;7_69 1.WEW 1,817 69;0

8_90,69 10_.6956 -98.061 15_,89J 1,5W;81 1,W89 1,861 6927

8ZOC.OW 10W.2656 -95.398 t58.651 1.615e_ t.517 1.902 6913

810P.62 103.777R -92.669 162._9_ 1.68573 1.53k 1.9;3 6897

831_.59 I0].2391 -_9,878 166.h_] 1.75k60 1.555 1.9_2 68_1

T_Z_.ll i_2.6553 -87.0?5 170.k26 t,SZZk_ 1.57; 2.020 666k

7_31,3_ 10_.031_ -8k. I16 1T_.50_ t.88930 1.59? 2.057 6867

7738._ 101.]?1q -61.150 1T_.655 1.9551q 1.609 Z.093 6829

76;5.55 100,6801 -78.131 182.876 2.0201; 1.6_6 2.126 6611

7552,82 _9.959_ -75.061 187.166 2.08;1F 1,6_0 _.162 6792

7hEC.hl 99.2125 -?l._k 191._1 2,1h229 1.65_ ?.t93 61?3

7_31.7_ 97.Z_Sh -63.9_? Z07.6T3 _.30115 1.679 Z.268 6726

?008.1_ 95.1582 -_5.720 _1_.19_ 2._9_9 1.706 Z. 3;2 66T5

6791.78 92.9735 -_?._19 _25.59_ 2.5915_ 1,?_1 2. k25 6616

658_.61 90.7091 -38.613 _38,209 2.73229 1.772 2.500 6559

638_.k2 88.380q -29.556 _50.863 2.86933 1.799 2.570 6502

620_.76 86.0039 -20.153 _6;.011 3.00;03 1.82] _.636 6;_6

603_.88 87.5935 -I0.6_6 ???.I36 3.13_0; 1._k3 Z,69_ 6393

5829.73 81.16_I -0.969 _90.969 3.2606* 1,86; Z.250 6339

5819.21 79.1367 8.933 T0_.98_ 3,365_ 1.887 _.603 6327

5589._5 76.?22_ 19.07_ I19.136 1.50591 L.91W 2.859 62Tk

558_.35 7_._90 ?9,321 333.572 3.623?6 1.9;; 2.912 6226

5_83.06 72,17k8 39.831 3_8._83 3.73915 1.978 Z.969 6172

5_97.99 67.7627 61,521 )78.539 3.96332 2.05_ 3.063 6069

5128.08 63°6655 8_.169 _09.97W _,1_01; Z. tk3 ].?05 5961

;977.k5 59.873? 107.8k6 _;Z.6_ _,39097 2. Z;1 ].331 56_;

_6W3.18 56.3586 132.589 _?6.969 _.59670 Z.3;q $._57 5753

;T38.11 53.116; 156.396 511.771 _.79226 2.;;9 ].578 5663

k6_6.75 50.1;;k 185.839 5k8.726 _°997_; 2.570 $.T13 5576

_596,05 _7.;;;6 213.61; 566.353 9,19030 Z.668 3.815 5518

_W81,01 ;2.7703 2?ZOG09 66h,51] 5.5626; 2.830 _*003 5;11

_17.00 38.8108 333,875 ?_5.953 5.q1667 Z.?67 _,1;0 5363

_392.63 35,_085 397.2;5 829.57_ 6.251;6 3.051 h.222 5306

;]97.10 32.;F75 ;61.665 91_._15 6.56571 3.09_ _,256 5293

;;20.17 29.96;1 526.286 999,;1] 6.85925 3.10_ 6.256 5298

_5_.09 Z?.7862 590.603 108_.Z99 ?,13309 3.090 _,230 5317

;505.75 25.8862 65k.221 1168,kZh 7.387?; ].059 ;,181 5365

_61.53 2_,2180 216.90; 1751.623 7.62560 ].019 ;.136 5380

;623oll 22,7502 776.53; 1333,73_ 7.6;759 2.975 ;°061 5621

;69_._1 21.;;63 939.08_ 1_1;.738 8.055_3 2.930 _.026 5665

_161._8 20.26_0 _98.587 tkgk,690 8.250;6 2.88? 3.975 5511

k837.;? 19,2366 957.12; 1573.6;3 8.;3_16 2.8;T 3.926 5560

_917.;? 1_.Z885 I01;.267 1651.677 8.60?59 7.812 $.883 5609

5007.82 17._231 1071.616 1778._59 8.77163 2.780 3°8;2 5659

509_.17 16.6292 1127.75_ 1805.271 8.927?5 ?.753 3.806 5711

5188.89 15.8970 1183.265 1880.973 9.0?633 2.730 3.770 5762

5_78.58 15.3;7k 1232.37; 1951,981 9.Z0507 2.660 3.212 5863

5373,39 lk.?;;C 1_85.966 2025._28 9.33896 Z.6_0 1.686 5696

5;6_.1_ 1k,1869 1339.179 2099.3w8 9.;6722 ?.622 3.663 5969

5565.67 1].6710 1392°039 21T2.;25 9,59166 _.608 3.6;3 6002

5809.72 1?,53;7 1527./23 2]53._80 9.88179 2.580 3.603 6132

6056.6? 11.5766 165?.012 2532.932 10.1;803 Z.561 ],575 6259

6555.87 10.0500 1307.771 _888._9_ 10.62317 ?.5;Z 3,5;Z 6506

7566.71 ?.9711 ?_I;.317 3593.3;2 IL.;0919 ?.527 3.512 6960

1_?26.56 3,9607 _926o85k 21h_.178 13.86119 2.660 3.636 8976

1?968,_2 _.6;_6 7?66._37 10913.050 15.37756 2.931 3.907 10533

23_.1_ 1.986_ 10831.581 1_961.116 16.73661 3.19_ _.175 11865

78536._5 1,5908 I_Z_O.O_O 1_35_.1?3 18.5_9_8 3.631 _.6k3 1300_

r

[

,r

L
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0000 PSIA ISDBAR

Tp_MODYNAHIC pROp_:'TT_S OF P_PAMy]ROG_N

TEMPERATURE DENSITY V(DH/DV}!

DEG, R LB/CU FT BTU/LP

V(DPIDU)_ -V(DP/DV)r

PSIA-CU FT/R TM PSIA

_B.Ot5 5.90635 9WI,16 tZ,40E 50017.33

50 5,88156 95Z.W/ i_.19_ _9289._

5Z 5,856_0 96_.97 t2.003 _8553.57

5_ 5.83105 07_,25 t_.BZ5 _781_.84

56 5.8055k 801,29 11._$2 _Y07_°_B

5B 5.77906 809.71 11,_87 _633_.77

60 5,75_03 S97°_! 11,3_ _5_95.56

6Z 5.7Z00_ 904.53 li.19/ _959._

6k 5.70t91 _t1,0_ 11.0_9 _41_3.qC

66 $,67565 917.ZZ 10.9J_ _3_9]._0

68 5.6_9_ 9_Z.67 I0,792 _667.?0

70 $.&2Zrt 9Z/,_O iO,&_$ _19_/,70

75 5,555_ 93_.97 I0._2_ _Ot?9.?&

00 5°_88Z7 9_,5_ IC,161 35_6Z._3

05 5._2009 _.I_ q._I 36812,0_

90 5.3_I_2 970.99 9.5_ 35Z37°00

95 5.Z_Z3B 901.17 9o3_I 3_7_.05

tOO 5.213tZ 991.22 9.0_ _2_E.15

105 5.t_3_3 I000._ 8.817 3tO_Z._O

110 5*07_&7 101_.tI 8.58_ 2_37.69

115 5o00_0! 1031.2_ _.37_ Z9118,2_

t20 W.93_09 10_5.87 B,I75 _80_3.66

I_5 _.06_95 I06_._] 7,8_5 Z72t_._

t30 _,_CZb3 I083o_7 7.599 Z6333,13

1_0 k.67ZB_ I%ZE._ 7.059 _755.7_

I_0 _.5_685 tt73.7_ _.53_ Z]3t_._t

160 _,_2_b_ tZ25.Zt _,03_ 2ZOZ3,53

170 _.3063_ tZTq,_7 5.583 2085_._

IB0 _,19_t0 t337,9_ 5.175 1986_°63

190 _,08Z_1 t_O_,.5_ _.779 l_9&_.q_

ZOO 3,97_ I_69.56 _._72 tOZ?5.95

220 3.77803 158_._2 3.989 t_gzg._2

Z_O 3.59W_1 t6q_.E2 3°6_9 15_7&.69

ZbO 3°_2_2 I79_._B 3,38/ 1505_,_5

ZOO 3.ZTt97 %_0_._ 3._09 1_387,16

300 3.%30_k t965.32 3.08_ 13837.q_

320 3,000_0 203&.2t 2.997 I]_7_.95

3_0 2,9009_ Z099.80 2.937 %Z980._8

360 2.7?039 Z150._6 _.895 12637.25

380 2.669t9 Z_2.78 2.866 1_]35,35

_00 Z,573$9 2Z65.57 Z.8_5 IZ072._0

_20 Z,k85tZ _3t0.9_ 2,820 1183_.08

_0 2.W0_02 _372._9 Z.81Z t16Z3._

_60 _,32591 Z_Z_.09 Z.797 tt937._7

W80 2.25593 2_85.30 2.780 11_7_._2

SO0 2.186_9 _5_8._3 2.7_Z ltt3_,_2

520 2.1Z3_ _61Z.91 2.7_3 I_017,13

5kO _,058_0 Z_ZB.52 Z.BG3 I0_66,_B

560 2.00ZI% Z68_.6h _.790 I0758.t?

500 1.9_875 2751._F 2,776 10658°00

600 1,898Z7 _91_.33 _,7_2 10_5.15

650 t,783t7 2978.19 _.7_5 10_59.7_

700 Io68t_ 31_5._9 2.689 10t8_.0_

000 1°510_0 3Wg_.OZ 2.61_ 990Z.61

1000 1._5_5 _109._ 2.510 9_07,17

_000 0._8_77 799_°96 2.17_ 871_.70

3000 0._7076 IZ_97._5 t.916 8_98.75

WOO0 0,35_55 175tP.50 1.73_ 913_.3L

5000 0,209t0 _07_.5_ 1,5t6 _q,85

_ _ _.

TWO-PHASE BOU_ORY

(T- Zb

(_v/_T)/V THERMAL VISCCSITY THERMAL ]IELECTRIC GRANOTL
CONOLCTI#ITY DIFFUSIVITY CONSTANT NUMBER

tlOEG, P 9TU/FT-HP-R LBIFT-SEC _Q FTIHR

O,OOZXD&? 0,12076 _.050 3.3115h 1.3XWW6 2,1392

0.00213t_ 0,I_29_ _.&62 0.011_7 t.31307 1.95_5

0,002_56J O,IZ_O_ 3.337 0.0113_ 1,31155 1.8019

0,092100_ 0,I_5Z2 3,0_ 0,91129 t.3100_ %,67_8

_.09220_ 0.1_563 2.83O 0.0111_ I.30_60 1.5757

0.00ZZ29! 0.12_55 _,63t 0,0109_ t°307t_ I,_0

0.0_5_ 0,t_99_ _._59 O°OL08_ 1.30562 I,_20Z

O.OOZZT_ 0.12_ Zo30q O.OtC6_ 1.30_$Z 1,35_7

O.O_??qY_ 0.1_573 2._79 goOtCS_ t.302_0 1.305_

0.0023_ 0.t25_8 2.0_3 0°0103q 1.30t09 1.259_

_,002_ 0.t2515 1.960 0,01029 I._995_ I°_190

0.OOZ3_St O,IZ_/_ 1.869 0.01012 1.2980_ I.t83%

0.00_?_i 0.12190 1,93_ 0.009_ t°_9029 1,0_10

0.007_1_ 0°t16_1 1,2_ 0, D085q t.270_9 0.986_

0,002_58_ 0.11_8_ I.L7_ 0,0083_ t.Z?_5_ 0,9733

0.00Z6979 0,t13%0 t.t2Z 0.00_15 t°_7059 0.9_2

0,0027ZD_ 0.11179 1.07_ 3o0080t I°_6 0°9511

0.03Z717_ 0,t1061 1.011 0.0078 ¸_ 1,_6Z6_ 0.9_03

9,00Z_3T7 0.10957 0._9_ 0.0077_ I,_5001 0°93_t

0,00_7357 0.10890 0,96_ _°00766 t°2550t 0.gzqo

O.O_Z?_O_ 0,10765 0._3_ 0,00759 1°25t_? 0.9266

O°ODZ?3?_ 0.10_0_ 0._8_ 0.00736 I°_9_ 0.9253

0,002730_ 0,10600 0._9] _.0072? 1,2369Z 0.9180

0,0_2718_ 0.10679 0.909 0°00725 t,23010 0,908_

O,OOZTO2Z 0,1076W 0.780 0,00723 to2Z352 O. g02%

0,00267_ 0.1099_ 0°673 0.00733 1.21718 0,788_

0.0026_35 0,113Z5 C,683 O°O0?_? 1,71111 0.8061

0°00Z99_0 0,11599 0._09 0,007_5 t._05_9 0.8161

0.00_926_ 0.1_00Z 0,693 0,0079k 1.19_W1 0,8326

0.002_ 0°1Z_50 0,091 0°00823 t,10kk_ O.Bk01

0,00239Z_ 0.12383 0._8_ 0,00856 1.17531 0,0398

0.00Z_97_ 0.12_]h 0,677 0.0089_ t°1669A 0,8339

0.002_65_ O°l_k_ 0._69 0°00933 1.15939 0,0251

0.00Z0772 0,1_387 0,663 0,00975 1,152_ O,Btk6

9.00199_Z 0,t2329 0.657 0.0102_ t.tk607 0,8037

0,001916_ 0.12266 0.653 0°0%070 1.1_020 0,7_30

O,O01_k_] 0.t2207 0.651 0.01121 1,13_00 0,7030

0,00t776_ 0°1Z160 0.6_9 0.0117k 1.1Z981 0,7730

0.00171_0 0,12t_0 0o6_9 0°0122_ 1,12517 0,7657

0.0016590 0.t2_t3 0._50 0,0128_ t.12005 0.7503

0.0013990 0.1Zlte 0,652 0,013_2 1°11683 0,7518

0.0015_5t 0,1_1_1 0._5 0.01_02 t.lL300 0°7k59

0°00t_930 0.1Z1_2 0,658 0.01_ t°10957 0,7_03

O,O01_Z9 0°1_2_0 0.663 0.01579 1°106Z9 0.7352

0,001_1_ 0.1Z3t? 0._68 0.0t_%1 t°1029_ 0,7252

0,0013705 O.tZkO! 0.67k O. 0t_RO 1.tOOOZ 0.7211

0.0013311 0.t2502 0.680 ].01751 1,09727 O.TXTW

O,OOLZq_O 0.1_1_ 0,687 0°0182_ 1,09_67 0.71_2

0,00t_099 0.t2937 0.706 O. OZOt] 1,08875 0,7075

0,031130_ 0.1_08 0.726 0.02_13 t°08355 0.702k

0,0010t_9 0.t_153 0,772 0.026_9 t,OT_B] 0._55

0,00083_ 0.160_ 0.873 _.0363_ 1.06t97 0,688t

0.000W5_5 0.27727 1,_09 0.111_Z 1,033k_ 0.66k8

0,00031_6 0,39_65 1.910 0.213_7 1.0ZZ91 0.60k3

0,000Z383 0.51353 2.373 O.]k30x t. O17kl 0.6_k6

0.000192_ 0.69385 2.807 0.51696 t.01_O_ 0.6761

| II i II li li li il i It II II g i @ I I1 1 X



C-Zb THER_OOrNAMIC PROPERTIES OF PARAHYDROGEN

8500 PSI& ISOBAR

TEMPERATURE VOLUqE

)EG. R CU FTILB

• W9.152 0.16006

50 0.16835

52 0.16905

5_ 0,16976

56 0.170_0

50 0.17121

60 0.17195

62 0.17270

66 0.173_6

66 0.17323

68 0.17_01

70 0,17580

75 0.17T83

80 0.17993

85 0.18209

90 0.18_32

95 0.18662

100 0.18898

105 0.t9131

110 0.19390

115 0.196_;

120 0,19915

125 0,201T7

130 0.20_;;

130 0.20589

150 0,21535

160 0.22tl;

170 0.22695

180 0.23287

190 0.23887

ZOO 0.2_995

220 0.25F31

260 0.26990

260 0,28270

280 0,29560

300 0.30856

320 0.3215_

360 0.33351

360 0.36r50

380 0.360_8

600 0,37336

W20 0.38639

660 0.39932

660 0.61226

680 0.62516

500 0.63802

520 0.65085

560 0.66W72

560 0067761

500 0.690_

bOO 0.50332

650 0.53531

700 0,56717

800 0.63056

1000 0.75b_8

2000 1.38165

3000 2.00@02

_000 2.E31;6

5000 3.2618_

IWD-P_ASE 8OUMORV

ISOTHFRH ISOCHORE INTFRNAL ENTMALRY ENIROPY CV CP VELOCITY

DERIVJIIVE DERIVATIVE ENERGY OF SOUND

CU FT-PSIAIL9 PSI_/R BTU/LB BTUILB 9TU/LB-R BTU I LB -R FT/$EC

8761.82 I06,89_9 -%00._03 163.71_ %.60916 1.650 1.785 7069

6725.29 106.7639 -99.762 165.235 1._3988 1._61 1.803 7066

863_,32 106.;05_ -97.190 168.887 1.51169 1.687 1.867 7052

6550.28 105.9813 -96.570 172,62_ 1.58198 1.510 1.888 ?039

8_61.33 105.3999 -q1.886 176.6_0 1.65139 1.532 1.929 ?026

837E._2 10_.9683 -_9.138 180,33? 1.71976 1.553 1.968 T009

8281.30 106.3923 -86.330 106.310 1.78710 1.573 2.005 6996

8190.5_ 103.7772 -83._65 188.356 1,053_5 1.591 Z. OW2 6977

0099.66 103,1273 -_0.566 192.615 1.91882 1.608 2.077 6960

8008.2_ 102.k_62 -77.570 196.663 1.98326 1.625 2.111 69_3

7_17,00 101.7373 -76,_6 200,918 2.06677 1.630 Z,163 692_

Z825.89 101.0032 -?1._7; 205.23? 2.10937 1.652 2.175 690?

7599.63 99.0728 -63.b08 216.295 2.26192 1.681 2.268 6862

2377.20 97.0288 -55._8_ 227.717 2.;0933 1.?08 2.321 6813

7160,63 96.8928 -_7.302 239,303 2,56966 1.766 2.;02 6756

6951.80 92.68_k -_8.616 _51.501 2.68908 1,7?6 2.376 6700

6752.k5 90.k082 -29.628 26_.056 2,82682 1.806 2.565 661_

6566,09 8_,0876 -20.]96 227.061 2.95826 1.829 2.611 6588

638_._0 85.7311 -Ei,O[3 290._63 3.08707 1.850 2.670 6535

6_25.18 8_.35_6 -1._37 303.255 3.21259 1.872 2.727 6_81

6026.2_ 80.9660 8.332 317.52_ 3.33506 1.81 2.?83 6_27

6023.3] 79.0701 18.3_1 331.773 3.65625 1.923 2.837 6_|7

5893.60 T6.77_ 28.516 366.101 3,9T322 1,953 2.696 6362

580_.05 76.5107 38.930 360.719 3.68789 1.987 2.950 6317

5632.91 70.168_ 60.6;7 390.805 3.91079 2.066 3°063 62Z2

5637.19 66.0592 82.938 322.0_6 6.12627 2.153 3.186 6111

5293.25 62.2550 106._73 ;56.535 6.33590 2.252 3.313 6006

5158.19 58.7250 131.093 688.312 6.5;065 2.355 3.639 5907

5039,53 550_387 156o795 523,319 6.?;070 2.660 3,562 5816

_966,12 52.;060 18_.153 560.129 _.93960 2.582 3.698 5727

3860.12 69.618_ 212.051 597.596 5.13163 2.680 3.806 965k

6759.00 63.8126 2rQ.512 675.503 5.50278 2.850 3.968 5_55

6678.6; 60.7589 331.883 756.70; 5.85578 2,978 6.127 5681

6636,01 3702852 395.21E 860.177 6.18997 3.062 6.216 5_38

6628.;3 3_.2583 659.631 92;.889 6.50376 3.106 6,253 5_20

k66;.1; 31.6329 526.291 1009,953 6.79732 3.116 6.256 5621

_673.71 29.3568 588.663 1096,756 7.07107 3.100 ;.229 5635

;716.08 27.3690 652.3;6 1178.559 7.32566 3,069 _.188 5460

6766.6; 25,6188 715,I06 126_.060 ?,56352 3.029 _.137 5692

6823.66 23.071k 776,821 1366.205 7.78561 2.9R6 6.082 5529

6885.66 22.6992 837.357 1625.230 7.99352 2.939 ;.028 5570

;953,97 21.6709 897.069 1505,221 8.18863 2.895 3.9?6 5616

5023.22 20.3710 955.675 158_,196 8.37236 2.855 3.928 5659

5099.25 19.37_3 1013,k15 1662.273 8.56592 2.820 3.885 5705

5180,23 18.6662 1070.367 1739.532 8.71011 2.788 3.866 5?53

5266.66 17.6333 1126,621 1816.066 8,86633 2.761 3.810 5602

5356.58 16.8667 1182.262 1891._91 9.01530 2.738 3.778 5851

56_8.03 16.2820 1231._63 1962.697 9.16367 2.665 3.716 5932

5560.92 15.6_29 1286.921 2036.67_ 9.277_9 Z,635 3.690 5986

563_.90 15.0526 1338.215 2110.216 9.k0639 2,628 3.667 6035

5729.78 1_.5058 1391.156 2183,366 9.53065 2.613 30667 6087

5970.15 13.3008 1522.031 2369.596 9.82086 2.585 3.607 6213

6213.87 12.2832 1651,500 256_.207 10.08733 2.566 3.578 6336

6707.83 10.66;0 190T.562 2900.063 10.56286 2.566 3.566 6578

7710.53 8.;573 2616.526 3605.258 11.36926 2.531 3.516 ?0_2

12866.99 _.2022 _9T8.115 7152.303 13.80160 2,662 3.636 9013

18077.02 2,8069 7767.818 10925.23; 15.31T92 2.933 3.907 10563

23365.7_ ?.1087 10832.9_2 13_76.779 16.67682 3.193 6.17; 11889

28633.kl 1.6890 13227.35; 19361.392 18.688?k 3.623 W,633 13026
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C-Zb

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

6500 PSIA ISOBAR

TEMAEPJtTURE OENSIIY V(DH/DV)p v(OP/OU)v -v(OP/OV) T

BEG. R LB/CU FI BTU/LB PSIA-CU FTIBTU PSIA

; 69.15Z 5.95039

90 5.94002

52 5,91§67

56 5.89076

$6 5.66589

50 5.06008

60 S.81516

62 5,790N6

66 5.76506

66 5.73953

68 5.71309

70 5,68813

75 5.62327

80 5.55779

85 5.69177

90 5.62530

95 5°35869

100 $.Z9166

105 5.ZZ636

110 5.15731

115 5.09051

120 5.02161

125 6.95507

130 6.89131

160 6.766_6

L50 4.66152

L60 4.52212

170 6.406L9

180 6.29632

lgO 6.18636

200 4.082_6

220 3.88666

260 3.70502

260 3.53726

280 3.38300

300 3,2608T

320 3.11004

360 2,98963

360 2.67510

380 2.77608

400 2.67781

420 2,58803

660 2.50626

660 2.62575

660 2.35216

500 Z.20302

$20 2.21002

$60 2.15186

560 2.093T6

580 2.03882

600 1.98661

650 1.86807

700 1.76316

600 1.58589

1000 1.32161

2000 0.72367

3000 0.69850

6000 0.38002

5000 0.30658

• TWO-PHASE BOUNORY

870.70 12.390 52136.25

875.80 12.300 51828.63

887.19 12.099 51099.71

897.45 11.916 50367,61

907.36 11.738 69633.23

912,22 11.569 68897.65

925,02 11.413 68161.q0

933.02 11,262 41627.00

_60.27 11.121 46693.90

967.J8 10.905 45963.55

953.30 10.859 45236.67

958.46 10.746 44514.74

969.67 10.402 62734.78

980.T7 10.218 41000.95

995.58 9.896 39326.56

1007.54 9,617 37715.64

1016.67 9.356 36182,93

1029.40 9.101 36733*56

1039.24 8.870 33373.12

1050,28 8.633 3Z105.15

1063.06 8.380 30931.32

1085.30 8.191 30245.68

1101.62 7.931 29208.12

1123.62 7.667 28386.49

1171.36 7.136 26837.66

1219.56 6.609 25283.27

1273.61 6.116 23936.73

1331.08 5.659 22727.96

1390.66 5.268 21661.36

1_60.39 4.867 20697.87

1521.80 6.539 19861,26

1665.06 6.066 18695.53

1755.20 3.695 17333.70

1056.09 3.663 16398.86

1963.09 3.262 15657.90

2026.C3 3.134 15051.07

2096.09 3.0_5 16535,63

2157.23 2.963 1_098.37

2215.00 2.939 13716.37

2269.18 2.908 13381.21

2321.59 2.885 13082.85

2376.11 2.865 12821.03

2626.31 2.869 12581.86

2k00.62 2.832 12369.51

2537.62 2.816 12186.65

2597.95 2.797 12023.89

2661.03 2.777 11880.97

2675.73 2.839 11723.27

2736.60 2.826 11601.27

2798.53 2.810 11688.54

2861.80 2.796 11383.98

3026.29 2.755 11152.05

3191.56 2.715 10955.94

3535,69 2.661 10637.90

4236.75 2.528 10192.61

8061.13 2.181 9299.61

12563.N7 1.920 9011.36

17560.85 1.737 8871.78

26079.86 1.521 8778.30

(Dv/OT_/V THERMAL
CONOUCTIVITY

I/OEG. R OTU/FT-HR-R LO/FT-_EC
X 105

0.002050] 0.12663 6.209

0.0020599 0.12519 6.028

0.0020823 0,12676 3.655

0.0021062 0.12798 3.362

0.0021Z56 0.12863 3.077

0.0021667 0.12868 2.851

0.0021675 0.12877 2.656

0.0021881 0.12876 2°487

0.0022086 0.12663 2.360

0,0022289 0.126_0 2.211

0.0022690 0,12807 2,097

0.0022690 0.12767 1.995

0.0023103 0.12639 1.706

0.0023665 0.12483 1.626

0.0026131 0.12312 1,6q5

0.002_57_ 0.12136 1.392

0,0024987 0.11953 1.306

0.0025361 0.11773 1.235

0.002_689 0,11597 1.175

0.0025962 0.11455 1.123

0.0026176 0,11351 1.078

0.0026143 0.11233 1.037

0o0026285 0.11132 1.003

0.0026251 0.11016 0.972

0.0026166 0.10668 0.920

0.0026128 0.10862 0.878

0.0026010 0.10939 0.862

0,0025838 0.11022 0.811

0,002S617 0.11280 0,693

0,0025319 0.11617 0.703

0.0025008 0.11893 0.709

0.0026229 0.122q3 0.713

0,002351_ 0.12536 0._10

0.0022736 0.12657 0.103

0.0021879 0.12696 0.694

0,0021017 0.12679 0.686

0,0020195 0,12626 0,679

0.0019613 0.12557 0.672

0.0018678 0.12684 0.668

0.0017989 0.12414 0.664

0,0017350 0.12358 0.662

0.0016767 0.L2318 0.661

0.0016191 0.12295 0.662

0.0015663 0.12293 0.663

0.0015156 0.12309 0.665

0.001_666 0.12364 0.669

0.0016196 0,12397 0.673

0.0013859 0.12466 0,657

0.0013406 0.12560 0.683

0.0013102 0-12666 0,689

0.0012762 0.12755 0.695

0.0_11926 0.13071 0,716

0.0011212 0.13439 0.734

0.001002% 0.16261 0.T79

0.0008298 0.16186 0.881

0.0006519 0,27121 1._27

0,0003115 0.39266 1,962

0.0002377 0.$1329 2._18

0.0001926 0.89153 2.864

VISCOSITY THERMAL DIELECTRIC PRANDTL

DIFFUSIVITY CONSTANT NUMOER

SQ FTIHR

0.0117I 1.31702 2.1738

0.01168 1.3166Z 2.0898

0.0116C 1.31499 1.9170

0.01150 1.31355 1,7750

0.01135 1.31211 1.6634

0.01120 1.31065 1.5693

0.01104 1.30920 1.4888

0.01089 1.30773 1.6198

0.01074 1.30626 1.3601

0.01060 1.3067_ 1.3086

0.0104_ 1.30330 1.2635

0.01032 1.30181 1.2233

0°01000 1.29806 1.1433

0.00968 1.29629 1.0865

0.0093_ 1.29066 1.8503

0.0090_ 1.28668 1.0222

0.00876 1,28285 1.001_

0.00852 1.27901 0.9860

0.00632 1,27518 0.9736

0.00815 1.27136 0.9616

0.00801 1.26756 0.9513

0.00788 1.26366 0.9432

0.00776 1.25996 0.9392

0.00725 1.25628 0.9355

0.00765 1.26912 0.9336

_.00736 1.26222 0.9268

0.00730 1.23553 0.9177

0.00727 1.22907 0.9113

0,00737 1.22205 0.7876

0.00750 1.21687 0.8054

0.00765 1.21113 0.8171

0.00793 1.20035 0.8330

0.00020 1.19043 0.8615

0.00869 1.18131 0.0427

0.00882 1.1r296 0.8375

0.00920 1.16530 0.8288

0.00960 1.15829 0.0184

0.01003 1.15186 0.8076

0.01049 1.16590 0.7965

0.01096 1.16060 0.7861

0.01166 1.13531 0.7768

0.01197 1.13058 0.7683

0.01250 1.12617 0.7609

0.01304 1.12206 0.7563

0.01361 1.11820 0,7486

0.01419 1.11660 0.7630

0.01680 1.11121 0.7380

0.01559 1.10777 0.7272

0.01624 1.10676 0.7229

0.016q2 1.10192 0.7191

0.01760 1.09923 0.7157

0.01960 1,09311 0.7088

0.02130 1,08773 0.7035

0.02561 1.07667 0,6962

0.03465 1.06520 0.6885

0.10560 1.03530 0.6733

0.20159 L.02627 0.6955

0.32360 1.01866 0.7077

0.68_85 1.01488 0.6900

49I

| J I ]1 ]1 K i ]i ]I II II, II 1t II I1 1 1 _L



TEMPERATURE VOLUME

JEG. P _U CT/Lf

• 50,_bl 0.165_h

52 0.1674_

5_ O.I_SL

60 O.IrO_J

6Z O.l?Og3

0.I??_1

qO 0.1_147

100 0.I_537

lOS O.]_h:>

113 0._}133

I15 O, lq]40

120 0.I_5_5

IZ5 0,19_]_

I_0 0,2533_

169 0._0_14

I_0 O.ZIt_O

160 0.21626

170 0.22220

180 O.2Z775

190 0._]34_

8GO 0._3_Ii

_20 0.2507C

240 3.86252

Z60 0.27_53

280 0,28667

300 0.29888

3_0 0.31110

3_0 0.3Z3_

3EJ 0.3]552

380 0.3_774

600 0.3_9t5

_ZO 0.32215

4_0 0.3_4_3

460 0.39_80

_80 0._0865

500 0.4207}

5ZO 0.43_0

540 0._W59_

B_O 0._5_16

580 0.6701L

o00 0.48_3

653 0.51863

700 0.5_Z71

800 0,60256

tO00 0.78168

2000 1.31128

_000 1.900_6

_OOO Z._91_6

50C0 3.08_

* fW3-P4ASE BOUNORY

I]O?F'E_ !SOC_i Z4TE_NAL SNTHALDY ENTROOY
OE_IV_T_Vi _ERI_ATIJ_ FqF_Gv

B_?c.2? 10_.10_ --r_''67 18_.506 1,67958

Ai93.?h I0_._47© -#_.G6_ 186.515 ].5W962

_Ttq._ I_._HC_ -98.327 19_.L7_ 1,6_6_9

8631._1 106.1C_ -_5.550 _q_.125 t. T533m

_36_'6P 106.17 °7 -T_.q[5 _to._q_ 1.q_[6

7524,f_ 96.741_ -4?.C_X _52o694 2*5100R

7!I3.!_ 9_.J47_ *79.64e _77,Z36 Z.TBZ88

6_21.7_ 90.02_$ -Z0.472 290,127 ?.91517

6_4r.7_ _7.767_ -tl.l_ T03.716 3,06?58

6277,S_ 80.?_16 17._17 T6_._O_ 3._0755

61_._,Y 7_.60_ _?.dg5 ]58.436 3.52320

big _',_ 76.7_=_ 3a.2_7 ]23.201 3.6395_

5q15._ 7_._I65 59._90 _0_.13l 3.86179

576_.3_ 65.]Z66 81.g3 ° _3_.Z_6 _.075_g

5607._ 6_.560q 105.3_9 _66.554 6._8_36

5_66,9_ S0.967! 1_9.83_ 500,i_7 _._879_

53_3.3_ 57.6763 }55._38 536,999 G.68715

S_37.1] 56.5867 I_Z.718 $71.69_ 4*88562

5149._ 51.73_0 2t0.5_0 _09.033 5,02680

5_lP'r% _6.74c_ 268.89_ 6a6.706 5._68_

6_2r.54 62.63_6 }30,162 767,671 5.79880

_7_.41 39,0873 393.6_S _50,_ 6,132_0

_86C.g_ 3_.9_32 65T.838 935._95 6._525

6867._? 33.2626 522.5?3 10Z0.615 6.23917

659C.9_ _0,_881 586.961 1105._03 7.01286

4925._ 28._IQ1 650.62_ 1189,65_ _._62_

6971.29 26,9929 TI_.508 1_72.66_ 7.S0519

5OZT.e_ Z_,]7_7 775,300 135k.830 ?.TZ23Z

5082.3_ 23.9309 536,017 1635.591 7.93500

5L_.5b 2Z.6_27 895.693 1515,896 8.130_T

_1Z._7 2t.48_2 95_,h0_ 1594.909 8.31_9

5283._g 29.4392 101_.726 1523,J13 8._8790

5_57.07 19.4888 1069.269 1750,015 8,65Z19

5_37.U_ 1_.6189 1125.62_ 1626.892 8.60864

55Zr.O? 17.8190 I181,368 1902.826 8,9576Q

561_°5_ 12.ZI05 1_30.2_6 197].69Z 9.085k1

570Q'q_ 1_'_6_ 1283,98_ 2062.539 9.21956

5801.F_ 15.9133 1337.T_5 _12L.150 9.3_858

5_96.82 15.3359 1390.37Z 2196.368 9.67_76

6131._0 16,062q 1521._79 2_75.762 9.763_3

6_71._ 12.9584 1691,067 2555,5Z5 10.03013

6_6C,_3 11.2753 1907.W_8 zg11.6ZO 10.50598

7556.61 _._1_ 261_.903 3517.190 11.ZgZS2

12966.5_ _._4_ _979._57 T16_,227 13.?_5_5

1818$.9_ ?,36_7 7769._93 1)937,_7 15.261T1

23465.17 _,_307 108]W.637 16986.W_7 16,620_8

ZBT27.�] 1.287C 14_25.165 19168.951 18.k3151

CV CP VELOCITY

OF SOUNO

BTU / L8 -R FTISFC

L.462 1.798 7183

1._8_ 1.836 TIF3

1.90_ 1.876 7161

1.530 1.916 Z1_7

1.55 _ 1.955 7133

1.57_ 1.991 7119

[.5q0 Z.O_7 7103

1,60_ Z.062 2087

1.625 2,096 707C

1.660 _.128 T056

1.6_} Z.15_ 7037

1.687 ?._3t 699k

1,710 2.301 69k7

1.?_ Z. 382 6891

1.780 Z._55 6836

1. _ O_ ?. 523 6782

1.8 36 2. 588 67Z7

1.856 ?.6k7 6673

l.&79 Z.205 6619

1.90_ 2.761 6565

1.932 Z.81_ 6510

1.96Z Z.823 6W56

1.996 2.9]3 6_50

g.07_ 3.051 63_9

2.16_ 3.169 6Z5_

_._62 3._96 61_9

2,366 $._23 6052

Z._71 1.5_8 9961

2.596 1.686 58T0

2.692 3,793 5798

Z.861 3.975 _68_

2.989 4.119 5608

3.022 4.210 5_62

3.11_ _.2_9 55_3

3.1_ _,ZS_ 5_60

3.109 _.228 5551

3.078 _.188 557Z

3.038 _.138 5601

Z.993 6.083 5635

2.9_8 _.02q 5673

Z.906 3.977 5713

2.866 _.930 5756

2.828 3.887 5800

2,797 3,8_9 58_

2. V69 3._1_ 5890

?.?_6 1,283 5938

Z,671 3.7_0 6021

2.651 3.693 602_

Z.633 3.67C 6121

_.618 3.650 6170

2.590 3.610 6293

_,571 3.581 6913

2.550 3.5_ 2 66_ 9

2.5 3_ ]. 515 T105

Z.66_ 3.63_ 9852

Z.934 ].902 10591

3.19_ _.173 11912

3.516 6.624 130_6
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THEPMO_¥NAMIG PROPERTIES OF PARAH¥OROGEN C:-2LI

9000 PSIA ISOBAR

IEM,ERITURE DENSITY

3EG. R LB/CU FT

* 50.260 5.99303 $98.85

$2 5.97224 910.47

5_ 5.94809 921.62

56 5.92380 932.40

50 5.89940 942.50

60 5.57407 951.71

62 5.85023 960.50

64 5.825k8 968.50

66 $.80052 97_,13

68 5.77566 982.94

?0 5.75060 988.T4

75 5.68754 1001._2

80 5.62395 1013.70

85 5.55988 1030.15

qO 5.49541 1043.33

q$ 5,43062 1055.50

100 5.36963 1067.19

105 $.30053 10T7.62

110 5.2354? 1089.21

115 5.17058 1102.44

120 5.10601 1117.63

125 5.04190 1134.94

130 4,97533 1161.88

140 4,85112 1208.93

150 4.?3013 1264,75

160 4.61375 1320.78

170 k.50015 1380.94

180 4.3907& 14_2.89

190 4,20k48 1514.54

200 4.10Z25 1570.78

220 3.9887_ 1702.77

240 3,80919 1012.62

Z60 3.64259 1911,58

280 3.48829 2002._7

300 3.34586 2082.12

320 3.21442 2152.04

340 3.0932_ 221_.13

360 Z.98016 2271.36

380 2.87570 232_.93

400 2.77817 2377.17

420 2.68711 2428.35

4k0 2.60193 2480.62

_60 2.52Z08 2534.00

180 2.44?05 2588.95

500 2.37648 2647.27

520 2,30998 270g.76

540 2.2_221 2722.80

560 2.182&4 2783,38

580 2.126_7 284_.08

600 2.07284 2400.15

650 1.950F% 3070.29

700 1.84260 3237.36

800 1.&5qbO 3581.31

1000 1.38615 4280.24

ZOO0 0.76261 8086.28

3000 0.52608 12589.34

%000 0.40139 17603.29

_000 0.3239g 24086.57

• TW3-PHASE BOUNDRY

VI3HI0V)_ V(OP/OU) V -V(OPIOV) T (OV/OT_@ THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
• CONDUCTIVITY 0IFFUSIVITY CONSTANT NLMBER

BTU/LB PSIA-CU FTIBTU PSIA I/DEG. R RTUIFT-HR-R LSIFT-_FC SQ FTIHR
X 10 _

12.376 54250.30 0.0019986 0.12801 4.370 0.011_8 1.31850 2.2102

12.197 53626.01 0.0020160 0.12938 4.004 0.01180 1.3182q 2.0_48

12.009 52901.03 0.0020356 0.13068 3.646 0.01171 1,31&_g 1. B845

11.826 52172.79 0.002054g 0.13117 3.145 0.01156 1.31547 1.7590

11.653 51442.36 0.0020730 0.13145 3.Q89 0.01140 1.31405 1.6834

11._93 SOTIC.?8 0.0020924 0.13157 2.869 _.01125 1.31263 1.5633

11.33_ _9979.02 0.0021108 0.13158 2.67g 0.01109 1.31120 1.4861

11.194 k8240.06 0.0021_91 0.13147 2.51_ _.01094 1.30976 1.4144

11.055 _851M.82 0.0021472 0.131_4 2.364 0.01_80 1.30832 1.3619

10.926 47792.20 0.0021652 0,13093 2.241 0.01064 1.3068/ 1.3116

10.811 _7069.06 0.0021830 0.13054 2.1Z8 O. OtOS_ 1.30542 1.2668

10.5_3 45281.89 0.0322271 0.12927 1.896 0.01010 t.3017/ 1.1776

10.275 4J533.94 0.002Z704 0.12221 1.717 0.00987 1.29810 1.1141

9.950 _1036.37 0.0023124 0.1259q 1.576 0.00951 1.29441 1.0730

9.660 40199.1_ 0.0023526 0.12419 1.463 3.00921 1.20073 1.0w10

9._05 38631.00 0.0023905 0.12236 1.370 0.00_93 1.28698 1.0173

9.152 37139.26 0.D024253 0,12054 1.293 0.00_68 1.28326 0.9996

8.920 35729.76 0.0024564 0.11077 1.2Z8 3.00845 1.2T953 0.9054

8.6R3 04406.70 0.0024831 0,1174Z 1,172 0.0082q 1,27582 0.9722

0.439 33172.47 0.0025047 0.11627 1.12_ 0.00_14 1.27212 0.9613

8.186 32027.62 0.0025210 0.11515 1.082 0.00800 1.2684_ 0.9_35

?.926 30970.75 0.00Z5317 0.11409 1.0%6 0.007_8 1.26480 0.9480

7.728 30397.23 0.002524? 0.11300 1.011 0.00774 1.26103 0.9_52

7.197 20696.12 3.0025236 0.1112_ 0._56 0.00752 1.25401 0.9441

6.675 2?268,05 0.002505? 0,11114 0.911 0.00741 1.24721 0.9354

6.180 25847.88 0.0024954 0.11190 0.074 0.0073_ 1.24066 0.92_5

5.726 2459_.68 0.0024789 0.11272 0.842 0.00732 1.23432 0.9204

5.315 2_456,_q 0,002_580 0.it560 0.712 O. O0 74? 1.22821 O. 786_

4.912 22438.33 0.0024327 0.11901 0.722 0.00754 1.22230 0.8052

4.595 21538.01 0.002_022 6.12179 0.729 0.00768 1.21664 0.8172

4.096 20017.08 0.002_352 0.12576 0.73_ 0.007_] 1.20597 0.8340

3,745 18762.33 0.0022724 0.12810 0.729 0.00116 1,19612 0.8436

3.493 17748.18 0.0022023 0.12925 0.721 0.0C8_ 1.18703 0.8455

3.312 16956.44 0.0021221 0.12953 0.212 O.O0_?h 1.12865 0.8408

3.182 16287.37 0.0020422 0.12925 0.703 0.00908 1.17096 0.832_

3.090 15721.66 0.0019647 0.12862 0,695 0.009_ 1.1638_ 0.822D

3.026 15236.33 0.0018915 0.12782 0.688 0.0099? 1.15739 0.8109

2.981 14816,72 0.0010218 0.12698 0.632 0,01030 1.15138 0.799g

2.948 14447.11 0.0017562 0.12620 0.678 0.01075 1.14579 0,2893

2.922 14119.59 0.0016949 0.12555 0.675 0,01122 1.14062 0.7796

2.902 13824.02 0.00163?9 0,12506 0.673 0.01170 1.13580 0.7710

2.883 13562.50 0,0015841 0.12476 0.673 0,0122_ 1.13131 0.7632

2.866 13325.16 0.0015339 0.12_67 0.674 0.0122_ 1.12711 0.7565

2.848 13105.05 0,0014867 0.12476 0.676 0.0132_ 1.12312 0.7507

2.829 12920.99 0.0014_10 0,12506 0.679 0.01380 1.11948 0.7_$4

2.809 12762,69 0,0013962 0.12553 0,682 0.01436 1.11600 0.7405

2.87_ 12597.95 0.0013661 0.12616 0.607 Q.01_1_ 1.11247 0.7291

2.858 12461.72 0.0013270 0.12696 0,697 0.01575 1.10937 0.7247

2.842 12335.81 0.001_900 0.12790 0.698 0.01630 1.10645 0.7200

2.026 12219.02 0.0012551 0.I2845 0.704 0.01704 1.10368 0.7173

2.78_ 11960,58 0.0011158 0.13205 0.722 0.01825 1.09232 0,7101

2.7_2 11740.79 0.0011063 0,13569 0.?42 0,02056 1.09180 0,7046

2.664 11385,_0 0.0009903 0.14409 0.?_7 0.02448 1.08243 0.69?0

2,545 10887.70 0.0008212 0.16326 0.889 0.03351 1.06853 0.6889

2.187 9888._7 0.0004444 0.27227 1.445 0.1000_ 1.03230 0.6818

1.923 9566.18 0.00031D3 0.39264 1.q73 0.19103 1.02S67 0.7069

1,240 9410,60 0.00023?0 0.51306 2.463 0.3063] 1o01951 0.7212

1.525 0307.67 0.0001920 0.68040 2.923 0.46013 1.01573 0,7050
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C-Zb

9500 PSIA ISDOAR

TEMPERATURE @OLU4E

?r. R CU FTtLB

_1.386 0.16572

52 0.16_92

54 ; _6658

56 _.:6?Zk

58 O.L&?gI

80 0,18859

62 0.16_27

6_ 0.16997

66 O,l?06T

68 0,17138

70 0.17211

75 0,17374

80 0,17584

85 0,17778

90 0.17979

95 0.1818_

100 0.1839_

105 0,18_12

110 0.18834

115 0,19060

120 0.19291

125 0.19_Z7

130 0.19766

140 0.20269

150 0.2O?67

160 0.21Z73

170 0.21788

180 0.22313

190 0.2284;

ZOO 0.23382

220 O,?k;?_

240 0.25587

Z60 0,26718

Z80 0.Z1884

300 0.29015

320 0.30169

340 0.31322

380 0.3Z_78

380 0,33631

bOO 0.34786

;ZO 0,35938

440 0.3?089

460 0,38239

460 0.39388

500 0.k0535

520 0,;1681

5_0 0*42921

560 0.4437W

580 0._5Z24

600 0.;6372

650 0,4923Z

?00 0.52080

800 0.5?747

LO00 0.69002

ZOO0 1.240;4

3000 1.80670

_000 2.36692

5000 2,92949

TWO-PHASE _OU_ORY

THERMODYNAMIC PROPERTIES OF PAP_HYDROGEN

ISOTHERM ISOCHORE INTERNAL ENTMALPY ENTROPY C@ CP VELOCITY

DERIVATIVE DERIVATIVE ENERGY O_ SOUN0

CU FT-PSIA/L9 PSIAIR BTUILB BIUILB BTUILB-R BTU I LB -R FT/SEC

9339,87 10_,93;8 -96,031 195.;90 1,42663 1.47W 1,812 7293

9313,89 109._136 -95.239 196,642 1.4489_ 1._2 1.8Z5 7290

9_31,06 109.3902 -92.699 200,332 1.518_6 1.505 1.865 7279

9147.05 105.910_ -90.093 20_.10_ 1.58711 1,528 1.905 7267

9062.02 108.3816 -87*_25 20?.980 1.65461 1.550 1.943 7253

8976.11 107.0101 -84,696 _1t.872 1.72110 1.570 1.979 7240

8889,46 107.2010 -81.910 215.866 1.78658 1,590 Z.01_ ?229

8802,22 106,5590 -79,070 219,930 1,85109 1,607 2.049 7210

8714.5_ 105.8878 -76.176 22_.061 1.91_65 1,624 Z. 082 7194

8626.51 105.1907 -73.232 228.25_ 1.97729 1.640 Z. 114 7178

853_.32 104.kT06 -r0.241 232.516 2.03901 1.653 2.144 ?162

8317.90 102.584_ -62.580 243._13 2.18934 1.683 2.214 7121

8099.17 100.59?_ -_4.662 254.661 2.33490 1*712 2.284 7076

?884.02 98.5301 -q6.688 266,060 Z.47Z56 1.751 Z,364 7021

7674.21 96.39?5 -38,212 2?3.060 2.80972 1.783 2.436 6968

?;?I.39 94.2110 -29.483 290,;07 2.74322 1,812 2.503 8915

?277,02 91,9806 -20.40? 303,[99 2°87447 [.839 Z. 588 6881

?092.39 89,715_ 11.230 316.i84 3.00117 1.882 2.626 8608

6918.58 87.4239 -L,853 329.460 3,12487 1,886 2.684 67S4

6156.39 85.1165 7.726 3;3.023 3.24525 1.912 Z. 741 6700

6606.36 82.fl034 17.510 356.872 3.38312 1,940 2.796 8844

6468.72 80.4961 27.906 371.007 3.47851 1,971 2,855 6588

63_3,37 78.Z068 37.?19 385_26 3.59161 Z.0OS 2o912 6533

6214.20 74,5369 58.927 415._89 3.81439 2.084 ",036 84?6

6047.38 70.4597 81.137 ;_6,_57 4*@2800 2.174 .186 63T7

5906.45 66.6429 194.41_ 478,641 4.23567 2.2?3 ..281 6285

5757,95 63.0809 128.800 612.084 4,43638 Z.371 3,410 6186

5638.32 59.7800 15_.306 546.0_6 4.63692 2,482 3.934 6096

5531.28 56.6990 101,502 983._6'; 4.83435 2.605 3.6?2 6010

543_.73 53.7993 Z09.272 620.58_ 5.02514 Z._04 3.782 5934

5283.(5 _8.6396 267.523 698.061 5.39422 2.873 3.966 5812

9176.80 ;_.3912 320.687 ?78.792 5.74516 3.000 4.107 5730

5117._ 40.78_0 391.882 _61.897 8*07789 3.083 200 5683

5087.89 37.6455 456.26_ 946.437 6.39104 3.125 246 5859

5093.33 3_.857_ 520.998 103_.372 8.68415 3.134 ,260 Y6S6

5109.1_ 32,3983 585.412 111_,130 6.957?6 3.119 _.Z27 5664

_136.80 30.2398 b;9.206 1ZO0.ZO? r.21227 3.080 _*188 5661

5171,92 28.3362 712.096 1283.422 7.45C;? 3.048 _.139 S?OS

5223.76 26.6511 ?73.957 1365.58_ 7.67210 3.00_ 4.084 5738

5277.#? 25.1436 834.?51 1_46.684 7.88039 _.95? 4.030 6773

5337.3; 23.7942 894.506 1_28,714 8.07982 _.913 3.978 5811

5399.84 22.581k ,53,296 1608.753 8.25950 2.873 3.931 $8Sl

5467,08 21.4853 1011,_00 1683.883 8.43317 2.837 3.888 5892

5537.3_ 20._920 1068.373 1761.208 8.59750 Z.80S 3.851 6934

5613.23 19.5846 1124.759 1_37.825 8,75404 2,779 3.817 5978

5692.92 18.?494 1180.590 1913.82_ 8.90321 Z.?S4 3.767 8822

5790.C5 18.1329 1229.316 1984,356 9.03052 2.6?_ ].723 6106

9078.98 17,4_41 1283,147 _058.463 9,164?9 2,6_6 :.69? 6168

9969.2? 16.7687 1336.592 _132,14_ 9.29393 2.839 _.673 6205

606_,72 16,1612 1369.601 3205,425 9.41821 2.62; 1.893 6263

6293._2 14,8210 1520.911 2386.973 9.70913 2.595 3.613 63T2

8530.50 13.689_ I650,713 2566,879 9.9?604 Z,5?5 3.584 6_89

?_13.34 11.3837 t907.363 2923.221 10.4_222 2. Tsk ;.549 6719

r_98.90 9.4235 2415.294 J629._37 11,23945 Z._38 ;.916 ?166

13085.25 k.6839 _980.878 7117.082 13.89237 c.&66 $.634 9890

18289.37 3,1300 7771.260 10949.510 15,20857 Z.935 3.907 10619

23542.53 Z,3_3 10836.060 14998.0_? 16.56720 3.19; 4.171 11935

28819.97 1._k7 14273.412 19]76.798 18,37741 3.610 4.616 13066

[
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9500 PSIA IS3BAR

THERHOOYNAMIC PROPERTIES OF p_PAHYOROGEN

TEMPERATURE DENSITY V(OH/OV)p

3EG. R LB/CU CT BTU/L_

• $1.366 6.03637 928.72

$Z 6.02690 932.77

54 6.00326 944.81

56 5.97951 956.;6

56 5.95564 967.;1

60 5.93167 977.;3

6Z 5.907_0 907.00

64 5.88343 995.76

66 5.85917 1004.12

60 5.83_03 1011.63

70 5.81040 1018.07

75 5.7;897 1032.26

80 5.68709 1045.95

85 5,62k79 1063.90

90 5.56213 1078.35

95 5,499Z0 1091.63

100 5._3607 110_.30

105 5°37203 1115.49

110 5.30961 11Z7.77

115 5.24652 1141.60

120 5.18367 1157.32

125 5°12122 1175.09

130 5.05928 1195.0_

140 4o931_3 12_8.80

150 _.81535 130_.25

160 _,70075 1366.96

170 _.58966 1428.39

100 4,h8166 1493.79

190 ;,377W7 1568.25

200 _.27685 1633.49

220 _o08592 1760,19

240 3.90830 1072.08

260 3.7422_ 1972,37

200 3.56080 2059.43

300 3.4_649 Zt_0.29

320 3°31465 2209.65

$bO 3.19263 2_71.13

360 3.07905 23Z6°16

380 2.97341 2380.32

k00 Z.07423 2432.01

420 2.7825; Z403.18

440 2.69610 253;.38

460 2.61511 2587.39

400 2.53086 2641.6_

500 2.;6?01 2698.96

520 Z.39919 2758.93

540 Z.32907 Z269,69

560 2.Z6894 2830.01

560 Z.2t123 2891.48

600 Z.15649 295_.38

650 Z.031ZO 3116,19

700 1.92011 3_83.06

800 t,73168 362E.87

1000 1,_9Z3 4325,72

ZOO0 0,00100 0131.43

3000 0,55359 I2635.08

_000 0.422_7 17645.79

5000 0.34136 Z4096.17

TWO-PHASE BOUNORY

V(OP/DU) V -V(DP/Og) T

PSIA-CU FT/BTU PSIA

12.363 56360.?q

12.298 56133.90

12.105 55416.46

11.917 5469;,84

11.739 53970.11

11.575 53Z43.28

11.269 51787.2_

11.126 51059.90

10.994 50334.?Z

10.877 ;9611.0;

10.604 47819.42

10.332 46060.70

10.003 ;43_5.92

9.720 42684.99

9.454 41006.65

9.200 39558.37

8.968 38106.27

8.731 36734.96

8._87 35447.50

0.234 3;245.23

7.974 33127.74

7.708 32092.89

7.250 30658.53

6.730 29096.17

6.Z37 27764.72

5.783 264Z7.05

5.37k 25269.06

_,972 2;213.03

4.653 23Z34.99

_.1;3 21586.12

3.786 20232.49

3.535 19153.25

3,357 18259.44

3.227 17554.13

3.13; 1693;.9k

3.067 16399.89

3.020 15924.62

2.986 15532.36

2.958 15172.;6

2.936 14851.33

2.916 1_550.94

2.896 14297.05

2.878 14058.50

2.858 13047*89

2.837 13658._0

2.907 13_90.05

2.891 13339.03

2.87_ 13199._2

2.857 13069.88

2.812 _2783.18

2.768 12539.29

2.667 121_.87

2,562 11592.20

2.193 10_81.78

1,927 10123.06

1.7_2 9950.67

1.529 9837.89

ID_/DT_V THERMAL VYSC0%ITY t_E_MAL 31ELECTRIC PR_N_TL
CONOUCTI¢ITY _FFUSIVITY CONSTANT NUMBER

t/OEG, o eTU/FT-_R-R LO/FT-_EC _Q FI/_O
X 10 _

0.0019506 0.13149 ;._33 0.0120K 1._219t 2.2_8_

0.0019563 0.13198 h._87 0.01200 1.321_ 2.1_3_

0.00197_0 0.13334 3.980 0.011_1 1.3201_ 2.0E39

0.001991_ 0.13386 3.637 0.0_17_ 1,3187_ t. flh31

0.0020082 0.13417 3.3q7 0.0116n 1,31733 1.7&_8

0.00202_9 0.13_31 3.099 0.0t1_ 1.31593 1.6440

0.0020413 0.13_3_ 2.886 0.01129 1._1_$3 3._579

0.00_0S76 0.1342; 2.700 0,01]I_ 1.313t_ 1.4836

0.0020738 0.13k03 2.53_ 0.010_ 1.31172 I._1 _5

0.0020898 0.13373 2.396 3.010_ 1.31030 _.3635

0.002105_ 0.13335 2.270 0,01G7; 1.30_9 1._138

0.00_1k52 0.1320e _.012 0.01037 1.30533 t.21_

0.00Z1840 0.1305_ I._15 O. OtC_ 1.30175 1,1438

0.00_2219 0.12879 1.661 O.O09E_ 1,_15 1.097_

0.002_503 0.12697 1.537 0,00937 1.29_5_ 1.06$3

0.0022930 0.12513 1,_36 0.00909 1.2009_ 1.03_

0.0023252 0.12329 1.353 0.008_] l.?nr2q 1. o1_2

0°0023543 0.12148 1._83 0.00861 1.28367 0.9981

0,0023799 0.12012 t.723 3.00_I 1.2830 _ 0.9835

0.002_01_ 0.11895 1.171 0,00827 1.27645 0.971 ?

0.002_1_0 0.11781 1.127 0.00_17 1.272_ 0.9633

0.0024299 0.11672 1.087 0.00798 1.2693l 0.9575

0.002_369 0.11570 1.053 0.00785 1._657) 0.9537

0.0024312 0.11375 0,992 0.0075_ 1.25_67 0.9533

0.0024216 0.11361 0.9_5 3.007_7 1.2519_ 0.9;55

0°0024003 0,11_35 0.905 0.007_I 1.2_55_ 0.9353

0.0023870 0.11516 0,872 0.00736 1.23931 0.9296

0.0023657 0.11831 0,730 0.007;7 1.23328 0,7855

0.0023417 0.12176 0.741 0.00757 1.22747 0,8050

0.0023154 0.12456 0.748 3.00770 1.2215_ 0.8177

0.D022513 0.12853 0.752 0.0079_ 1.21132 0.8351

0.0021941 0.13081 0.747 0.00815 1.2015_ 0.8_9

0.0071294 0.13107 0.739 0.0083q 1.192_9 0.8_7h

0.0020617 0.13205 0.729 0.00&67 1°18_10 0.8k40

0.0019857 0.13167 0.719 Q.00099 1.17639 0.8358

0,0019131 0,13093 0.710 0.0093_ 1.16927 0.8254

0.0018439 0.13004 0.702 0.0097_ 1._6271 0.8143

0.0017794 0,12910 0.696 0.01013 1.15663 0.8033

0.0017158 0.12823 0.601 OoOl05& 1.15099 0.7924

0.0016572 0.1Z790 0.6_8 0.0110_ 1.145_ 0.7825

0.0016022 0.12693 0.686 0.01147 1.19085 0.7735

0.0015510 0.12656 0.685 0.0119_ 1o13628 0.1657

0.0015028 0.12639 0.685 0.0129_ 1.13200 0.7587

0,001_576 0.12643 0.687 0.0129_ 1.17799 0.7527

0.0014143 0.12667 0.689 0.013_5 1.12422 0.747_

0.0013727 0.12709 0.692 0.01390 1.12066 0.7k26

0.0013442 0.12767 0.696 0.01472 1.1170q 0.7309

0.00130_2 0,128_ 0.701 0,01531 1.11386 0.7264

0.0012704 0.12933 0.706 0.0i_92 1.11056 0.722_

0.0012365 0.13036 0._12 0.01_ 1.1080t 0.7188

0.0011594 0.13339 0.730 0.0181_ 1.1015_ 0.7114

0.001091? 0.13699 0.74g 0.019q1 1.09579 0.7057

0.000_785 0.1;537 0.79_ 0.02365 1.08611 0.6978

0.0008329 0.16_6_ 0.997 0.03731 1.07172 0.6893

0.0004;69 0.27727 1.463 0.09526 1.03920 0.690;

0.0003092 0.39Z63 2.006 _.1_15_ 1,02697 0.7185

0.000_36k 0.51285 2.510 0.zg087 1.E2055 0.7351

0.0001916 0.6374_ 2.98k 0._362_ 1.01657 0.7215
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C-Ab TMFRMOC, YNAMIC RPOPFRTIFS OF PARAHYOROGFN

IOOUO PSIA ISOBAR

TEN_ERATURE VOLUqE

3EG. R CU FT/LB

52.WW_ 0.I_62

5_ 0.16511

56 0.16575

58 0.1663_

60 0.16705

62 O.t617L

6W 0.16837

66 0.16905

68 0.16_73

70 0.170_Z

75 0.17715

80 0.17399

85 0.17585

90 0.17775

95 0.17971

100 0,18171

105 0.I_77

tlO 0.185_7

115 0.18802

120 0.]9020

125 0.19_13

130 0.19k70

1_0 0.19951

150 0.20;2;

160 0.20_06

170 0.2139_

180 0.21890

190 0.223_3

200 O.ZZROZ

220 0.2393_

Z_O 0.?W_83

260 0.26053

280 0.27135

300 0.Z8229

320 0.2932;

3;0 0.30klZ

360 0.31507

380 0.32601

WOO 0.33693

;20 0.3_788

_;0 0.35878

;60 0.36968

;80 0,38056

500 0.37113

520 0.;0229

5;0 O.kLb08

560 0._2503

580 0.13595

600 0._1685

650 0.17602

700 0.50106

800 0.55k88

1000 0,66173

2000 1,1918_

3000 1.72190

_000 2.25295

5000 2.78812

• TW3-PHASE 80UWOR_

I_OT_EPM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

OEPIVAIIVF OFRIVATIVC ENEPGV OF SOUND

CU CT-PSIAILO PSIAIR BTU/LO 8TUIL_ 8TU/LO-_ 8TU / L8 -R FTISEC

96Z_,q_ 111._301 -_,_?? 211.21_ 1,_3W97 1._85 1._2_ 7102

9_67,51 111.0923 -91.670 _i;.07_ I.;8869 1.503 1.855 739;

9_80.98 110.60_ -89.101 217.823 1.55686 1.527 1.89_ ?382

9398._q 11_.0761 -86._6_ 221.6k9 1.62k00 1.519 1.932 7370

931_.60 109.501_ -83.776 _25.550 1,6901_ 1._69 1.968 7357

9?30,05 I0_.8909 -81.026 _2q.52_ 1.75523 1.589 2.003 73_3

911_.77 lO_.Zk79 -78.221 ?33.562 1.81937 1.607 2.037 7329

9058.91 L07.5766 -75.363 Z37.670 1.88257 1.621 2.0?0 7311

8_7P.60 106.8805 -72.;_5 _;1.812 L.9;_R_ 1.610 Z.101 7299

888_.97 106.162_ -69.50t 2k6.07_ Z.00618 1.653 Z.131 728_

866_,8_ 101.2857 -61.9XC 256.902 2.15557 1.68_ 2.200 721;

R152.W7 102,]1q6 -5;.103 268.076 Z.29978 1.71_ 2.269 7201

8?38.70 103.269_ -_6.222 279.396 Z._3687 1.753 2.3;7 71_8

_6Z_.27 9e.16_3 -37.838 Z91.311 2.57306 1.786 Z.618 7096

7825.76 96.0099 °?9.Z07 303.569 2.70560 1,816 2._85 ?Ok;

7_29.65 93.81_9 -Z0.217 316.268 2.83589 1.811 2.5_9 6991

7k_Z.21 91.5869 -11,130 329.158 2.96166 1.867 2.607 6939

7_6_.73 _9.333_ -1.811 _12.335 3.08;28 1.892 2.665 6885

7097._9 87.0622 7.553 355.806 3._0100 1.918 2.722 6831

6_1.71 8_.78_0 17.356 369.963 3.32309 1.9k_ 2,780 6775

6797.5_ _?.5019 Z7.Z75 383._09 3.13576 1.980 2.838 6719

6662,03 80,_323 37._17 397.915 3.5;820 Z.015 2.896 6662

6515.C7 76.5952 _8._37 W27.881 3.76993 Z. 093 3.022 6602

6325.31 72.1699 80.518 158.711 3.98258 2.18; 3.116 6197

618_.3_ b&.6352 103.683 ;90.798 6.18963 2.283 3.269 6k07

605_.P1 65.0_13 127.961 521.120 W.39160 2.389 3.395 6316

5919.61 61.769Z 153.370 55_.710 ;.$8928 2._93 3.522 6225

5811.77 58.6912 180.186 595.137 _.70611 Z.616 $.662 6139

9721._2 5_.7897 208.197 63_.287 _.97691 Z.715 3.77? 6068

5_59.25 50.5166 266.365 709.561 5.3;;6; 2.885 3.957 59;3

5119.77 ;6.0596 327.151 790.070 5.69163 3.012 ;.098 58;5

53_5,80 _Z.123_ 390,565 _?3.001 6.02666 3.09; _.19k 9791

5300.99 39.2139 151.89_ 957.369 6.33915 3.139 ;o212 5755

5309.8_ 36.39_Z 519.588 1012.312 6.63231 3.111 ;.Z18 5765

5325.08 33.8628 5_;.075 1127.068 6.90591 3,129 _.226 5772

5350.17 31.6346 6_1.91t 1211.066 7.16017 3,098 _,187 5788

5381,32 29.6555 710.058 1_9_.281 7,39808 3.057 ;,139 5809

5119.50 27.9011 772.78; 1376.175 7.62030 3.011 k.086 5836

5_73.22 26.3371 033.6;7 1157,559 7.8283; 2.966 ;*032 5871

5528.25 21.9279 893._79 1537.619 8.02372 2.922 3.980 5906

5588.80 23o6611 952.3;6 1616.711 8°20766 2.881 3.932 59_k

5851._6 Z2.5158 1010.327 1691.871 8.30110 2.8_5 3.809 5983

5717.83 Z1._759 1067.527 1772.220 8.5k578 2.813 3.852 6022

5786.56 20.529? 1121.039 1518.861 8.70236 2.786 3.819 6062

5863.19 19.662_ 1179.959 1921.898 8.85161 2.76Z 3.790 6105

5962.k5 lq.3;91 1228.506 1995.279 8.978;8 2.682 3.726 619k

60;9.35 1_.3061 1282.;07 2069._17 9.11285 2.662 3.700 62;1

6137.75 17.6189 1335.921 2113.186 9._1209 2.6k; 3.676 6288

6227.k3 16.9816 1389.078 2216.528 9.366;8 2.629 8.656 633;

6_56.15 15.9750 1520,175 2398.222 9.6576_ 2.600 3.616 6;50

6_89.78 1_.3_63 1650.133 _578.269 9.92;75 2.580 3.587 656;

t162.83 12._892 1_07.366 2931.815 10.6012¢ 2.558 1.551 6789

8113._1 9.9033 2115.716 3611.095 11.18885 Z. 5_1 3.518 7227

13203.15 N.9231 ;982.37? 7189.357 13,61201 _.668 3.63k 912_

18393.19 3,2907 7773.118 10961.605 15.15817 2.93? 3.906 10617

23637. e_ 2._737 10837.807 ]5009.669 16.51667 3.191 ;.170 11957

28909.62 1.9823 1_222.053 19381.891 18.32612 3.60; ;.609 13086 L
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THE_HOOYNAHIC PROPERTIES OF PAPAHYDROGEN ('_

10000 R$1A ISOBJR

TENPERAT URE DENSITY V{OH/OV) @(DPIOU) -V (OPIOV)l" F

)EG. R LB/CU FT BIU/LB P_IA-CU FTIBTU PSIA

52.WW6 6.07W50 957.10

5k 6.056W8 967.07

56 6.03319 379.59

58 6,009B1 991.39

BO 5,9863_ 100_.22

62 5.96279 1012.5B

6W 5.93915 1022.C9

66 5.915k_ 1031.19

60 5.89165 1339._0

70 5.86700 10k6.50

75 5.00785 1062.22

00 5.75751 1077.35

85 5.68602 1096.83

90 5.62502 1112._9

95 5.56550 1127.05

100 5.50316 11_0.75

105 5.5k1_5 1152.82

110 5.38013 1165.87

115 5.31871 1180.41

120 _.25750 1196.79

125 5.19662 1215.18

130 5.13617 1235,71

140 5.01220 1280.51

150 k,896Z6 13k_.60

160 W.78350 1_09.95

170 5.67_25 1;7E.7;

180 5.5683; 15_2.11

190 _._6575 1619.Z9

200 k.36636 1688.83

Z20 5.17813 1819.2_

2_0 _.00271 1929.91

260 3.83820 2028._6

Z80 3.68525 2113._8

300 3.552_7 2195.86

320 3.W1022 Z_6E._3

3_0 3.28813 2328.k6

360 3.17390 2383.57

380 3.06735 Zk35.28

_00 Z.967_3 258E.59

520 2.87559 2537.16

_0 2.70720 2508.56

k60 2.70506 26_(.83

580 2.52771 2_9_.61

500 2.55_75 2750.0_

$20 2,k0575 2009.26

550 Z._1_96 281_.k0

560 Z.35278 2076.50

500 2.29303 2_37.73

600 2.23707 3000._5

650 2.109B_ 3161.97

700 1.99576 3328.67

800 1.00221 3672.37

1000 1.51118 _371.19

2000 0.03905 8176.59

3000 0.58075 1268C.70

_000 0.5k386 17608.32

5000 6.35866 2_108.26

TWO-PHASE BOONDR¥

12.356 58_66.93

12.202 57915.11

12.009 57200,53

11.827 56581,95

11.658 55760.39

11,_96 55036.05

11.3_ 5_312,23

11.199 53587._8

11.06_ 52863.50

10,053 52151.07

10.665 50357.3_

10.388 _0580,67

10,056 _6852.01

9.770 55171.23

9.503 _3557,09

9.2_? _1987.20

9.015 _0597.88

8.777 3908_,1_

8.532 377_9,53

8.279 36_96.07

8.019 3532_.19

7.753 3_232.77

7.301 3265k.83

6.??6 309_0._0

6.28k 29601.57

5,832 28306.27

5._2_ 270_2.80

5.025 25953.92

_.707 2_981.75

_.190 23227.23

3.821 21693.77

3.573 20518.71

3.39_ 19535.50

3.267 18809.85

3.173 18159.72

3.106 17592.07

3.056 17079.77

3.021 16623.57

2.992 162_.16

2.968 15891._7

2.9_6 15577.12

2.925 15287.52

2.905 15025.81

2.085 1_703.15

2.863 lk57W.39

2.9_1 15399.11

2.923 15232.T8

2.905 150_8.95

2.807 13936.20

2.8_0 13620.13

2.79_ 13351.19

2.709 12916.10

2.579 12306.20

2.199 11077.96

1.929 10681.95

1.755 10591.93

1.533 10368.07

(_VIDT}/V THERMAL VISCOSITY THERMAL OIELECI_![C PPANO]L

}_ CONDUCTIVITY OIFFU$1¥1TY CONSIANT NbHRER

I/DEG. P 8TU/FT-HR-R LB/FT-_EC $Q F_IHR
X 10

0.0019059 0.13k87 W.699 0.01217 1.32W26 Z.2876

0.0019182 0.1359k k._5 0.01213 1.32320 2.13_

0.0019317 0.13650 3.056 O.OllgW 1.32155 1.976W

0.00195_9 0.1368_ 3.62_ 0.0117_ 1.320_8 1.8_1

0.001963_ 0.13700 3.3_8 0.3116_ 1.3191t 1.7316

0.00[9755 0.I3705 3.108 0.011_7 1.3t77_ 1.635_

0.0019931 0.13697 2.900 0.01132 1.31637 1.5529

0.0020075 0.13677 2.719 _.01117 1.31_09 1._817

0.0020718 0.13658 2.561 0.0110_ 1.3t360 1.51_

0.0020361 0.13610 2._21 0.01089 1.31222 1.36_3

0.002371I 0.13_8_ 2.135 0.0105_ 1.3087_ 1.25q_

0.0021061 0.13327 1.918 0.01022 1.3052_ 1.1758

0.0021_01 0.13152 1.759 0.009_5 1,30173 1.1237

0.0_21732 0.12969 1.61_ 0.0095] 1.29_21 1.0832

0.00220_7 0.12702 1.50_ _.O09?k 1.79_68 1.0527

0.00_23_h 0.12596 1._1_ 0.0089_ 1.2911_ 1.0299

0.0022615 0.12k13 1.I38 3.00875 1,28761 1.0117

0,0022857 0.12275 1.27_ 0.00856 1.28_09 0.9556

0.0923063 0.12156 1.219 3.008_0 1.28057 0.9826

0.0025230 0.1_0;0 1.171 0.0082_ 1.?T?07 0.973_

0.0023356 0.11929 1.129 0.00809 1.22360 0.9671

0.0023557 0.1182_ 1.092 0.00F95 1.27016 0.9632

0.0023_56 0.11620 1.028 0.00767 1.26312 0.9626

0.0023400 0.11603 0.978 0.00753 1.25656 0.95_9

0.0023186 0.1167_ 0.937 0.007_7 1.25019 0.9k5_

0.0022992 0.11752 0.902 O.O0?kt 1.2_505 0.9381

0.00228_1 0.1209_ 0.759 0,00752 1.23812 0.7850

0.002261_ 0.12_ 0.760 0.0076t 1.23239 0.6050

0.0022332 0.12727 0.76? 0.00773 1.22685 0.8179

0.0021759 0.1312_ 0.7?0 0.0079_ 1,21651 0.8362

0.0021232 0.133_6 0.766 0.0081_ 1.20673 0.8_3

0.0020676 O,tS_kh 0.757 0.00835 1.19771 0.8_99

0.0020073 0.13553 0.756 0.00860 1.18935 O._k?%

0.00193_7 0.13_05 0.735 0.00891 1.18159 0.8392

0.00186_7 0,13321 0.726 0.0092_ 1.175_3 0.828_

0.0017982 0.13222 0.717 0.00960 1.16705 0.8175

0.0017363 0.13120 0.710 0.09999 1.16171 0.6062

0.00167_ 0.130Z_ 0.?0_ 0.01039 1.15600 0.7955

0.0016213 0.129_2 0.700 9.01082 1.15070 0.7853

9.0015686 0.12878 0,698 0.01126 1.15573 0.7762

0.0015190 0.1283_ 0.696 0.01171 1.15100 0.7680

0.001_725 0.12811 0.696 0.01218 1.t3675 0.7609

0.0015295 0.12809 0.6q7 0.01266 1.13267 0.755?

0.0013887 0.128Z7 0.699 0.01315 1.12882 0.7_93

0.0013k91 0.t286_ 0.702 0.01366 1.12520 0.?_6

0.0013229 0.12918 0.706 0.01_3_ 1.121_9 0.7328

0.0012862 0.12990 0.710 0.01_92 1.1182_ 0.72_2

0.001251_ 0.13076 0.715 0.0155L 1.11516 0.72_0

0.0012185 0.13176 0.721 0.01610 1.11225 0.7203

0.0011_35 0.13k73 Q.738 0.01766 1.10558 0.7127

0.0010775 0.13828 0.757 0.01932 1.09969 0.706_

0.0009670 0.1W663 0.801 0.02_91 1.08973 0.6986

0.000805T 0.16602 0.90_ 0.03123 1.01587 0.6897

0.0005_5_ 0.277Z7 1,582 0.0909_ 1.0_109 0.6990

0.0003001 0.39263 2.039 0.17306 1.02831 0.7303

0.0002358 0.51266 2.559 0.27695 1._2159 0.7_93

0.000191_ 0.68563 3.0k8 0. k1577 1.01752 0.7375
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C - 2h

11000 PSIA ISOBAR

TENPER&TURE @OLUME

3EG, R CU FTILB

• 5W,556 0.16Z56

56 0.16299

58 0°16360

60 O,lbkZO

6Z 0,16k87

6_ 0,16843

66 0.16606

68 0.166_9

70 0.16733

75 0.16895

&O 0,1T061

05 0,17732

90 0.17406

95 0.1¥554

100 0.17766

lOS 0.17953

110 0.18143

[15 0,18336

120 0,18536

125 0°18737

130 0.10942

140 0,19060

150 _°19787

160 0*70_50

170 0.Z0693

180 0,21142

190 0.21597

200 0.2Z056

220 0._2990

240 0.23933

Z60 0.Z4888

280 0.25863

300 0,26851

320 0.27846

340 0,78830

360 0.29022

360 0,308[Z

400 0,31503

_20 0,32790

940 0.33778

460 0.3_765

480 0,35r49

500 0.36731

520 0.37T14

540 0.38790

560 _.3978_

580 0._0776

600 0.41766

650 0.44233

700 0,46690

800 0.51578

1000 0.GIZ80

ZOOO 1,C9395

3000 1.5757_

_000 Z.05762

5000 2.54377

• TW3-PHASE BOUNDKY

THFRMODfNAWlC PROPERTIES _F PAR_HY_RDGEN

ISOTHERM ISOCMORE INTERNAL ENTHALPY ENTROPY Cv CP VELOCITY

OERIVAIICE DERIVATI¢C ENERGY Or SOUND

CU FT-PSIAILB RS]AIR BTUILB BIUIL9 BTUILB-R AIU I LB -R rTISEC

10108.30 1[_,3736 -88.769 _?.3_9 1,05093 1.506 1, R;© 761Z

1013_.84 114,0071 -56.956 _5.0_q 1.49958 1.5Z3 1.876 7605

10054,85 113.4595 -8k.389 74_.935 1.56608 1.546 1.914 759_

997E.EZ 112.8713 -81.763 757,707 1.63157 1.567 1.9_9 7583

9895._9 11_.Z_81 -79.078 2_6,635 1.69606 1.587 1.96_ 7571

951k.C1 111o5947 -76,339 760,636 1.75956 1.605 Z.017 755_

9731.90 110.9149 -73.547 76_,707 1.82212 1.673 2.049 7844

9649.10 110,_123 -70,70_ _6_.]31 1,88376 1.639 Zo080 7831

9565,74 109°4897 -67.815 773.020 1.94446 1,653 _.108 7517

9355.66 107.6108 -60,_08 _83.731 2,09_4 1.685 2.176 7481

914_,70 105,6505 -57.745 79_.778 2,734_1 1.716 Z°_43 7k40

893_*64 103.6285 -45°029 $05,961 2.3707_ 1.757 Z.319 7391

8727.14 101.5580 -36.809 _17.729 2.50476 1.791 Z, 388 7342

8523.76 99,_85 -_8.337 329,833 Z.6356_ 1o8_ 2.453 7292

83Z_.97 97.3066 -19,516 ]42,370 Z.76_26 1.851 Z.516 7240

8134.90 95.1378 -10.591 355.09_ 2.88840 1,876 Z°573 7190

7951.8_ 92,9_71 -_.459 368.10_ 3,00944 1,90_ Z.631 7138

7777.67 90,739_ r,882 ]81.403 3,12766 1.931 2,689 708_

7613.16 8_.520i 17._39 394.992 3,24333 1,961 2.747 7028

7458._ 86,2953 27,2_0 405.876 3,35667 1,995 Z.806 6972

731_,97 8_.0717 37.233 473.057 3._6790 2.037 Z,866 _914

7058.6_ 79.6591 57,9_7 457,]23 3,68473 2,113 Z.987 6798

6841,92 75.3509 79.757 487,796 3,89493 2.209 3o107 6683

6753.07 77,429! 102.770 515,166 _.|0_00 Z.30W 1.748 6691

6590.27 b8.777_ [26._13 545,312 q.30_78 2,409 3,377 6992

6470.95 69.4358 152.0_k 582.683 4.50127 2.515 3o501 6460

6352.17 6Z.31_6 179,003 618,909 4.69696 Z.638 3.641 6373

67_9.42 59.4416 Z06,577 655.5_0 4.88625 z. r37 3.755 6303

6104o10 54,1396 264.589 73_,067 9.25327 2,908 3.9_2 6191

5963,96 _9,4036 325.590 513._82 5,60197 3,036 _,078 6092

5796.93 45,3716 386.575 895.91_ 5,93198 3,117 _.176 5998

5728,18 4_,1300 452.777 979°984 6,2W337 3,157 4.231 5964

57Z3.07 39.2263 517.405 1064.34] 6,53589 ],165 4.747 5961

5730.05 36,669_ 581.901 11_9.088 _°80945 3.1k9 _.ZZ7 59Z0

5762.38 34,3361 6_5,800 1Z33,057 7.06363 3.117 _.188 5989

5789.33 32.Z_15 708.861 1316.309 7.30166 ],076 4.140 6007

5822.47 30.3324 770,905 1398,571 7.57393 3.030 4°066 6031

5857,41 28,6428 831.898 1479.695 7,73271 2,985 4,03k 6096

5905,19 27.1349 891.064 1999.773 7.97795 2.940 3,983 6088

9961._ 79,7696 990.877 1638._96 8.11163 Z,899 3.935 612_

6017.81 24.5281 1009.008 1717.1_6 8,28554 2.063 3.892 6156

608C.88 73._018 1066.358 1_94.527 8.45002 Z. 831 3.85k 6193

6147,85 ZZ.37_6 1123.318 1871.Z0_ 8.60668 2.803 $.5Z1 6229

6_10,_2 21,W324 11_9,085 1947.274 8.75600 2.779 3.792 6266

6309.79 Z_.8629 I727,160 Z017,_75 8.88184 2.693 3,731 6364

6392.52 20,0531 1_81.1_9 2091.951 9,01642 2,673 3,705 6407

6477,0_ 19,3035 1334,831 7165.399 9.1_585 2,699 3.682 6_51

6563,06 18,6078 1358,116 Z_38,852 9.270_ 2.639 3,66_ 6499

6783,59 17,0704 1519.923 2_20.815 9,96201 2.609 3.621 660k

7010.10 15,7698 1650.079 7601,113 9,87990 2.589 3,592 6712

Z4TS.lk 13.6916 19_7.557 2955.144 10,30660 2.567 I. SSS 6926

8433.05 10.5564 2416,822 3669,037 11.09;93 Z. 5kB 3.570 73_6

1343_.63 5.3963 _985,55w 771_,86_ 13.54863 2.677 ].633 9200

18596.3_ 3,6105 777T°101 I_985.T14 15,06_59 Z,9_0 3,906 10699

2382_._2 2.71_2 1_841.657 15_32,q27 16,k7287 3.195 4.168 11999

29081.63 2,17_5 19220.377 19401.681 18,_3090 3.594 4,599 13124 L
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THERMODYNAMIC PROPERTIES OF PAPAHYDROG_P_ C-2b

11000 PSXA IS38AR

TENPERATURE DENSITY VlOHIDV)p V(DPlOU) V -V(0PIO#) F

3EG. R LBICU FT BTUILE PSIA-CU FT/BTU PSIA

SW.556 6.151W1 1012.96

56 6.13518 1023.22

58 6.11264 1036.70

60 6.0900; 1019.16

62 6.06739 1061.11

bk 6.04117 1072.15

66 6.02190 1082,7W

68 5.99908 1092.37

70 5.976?2 1100.80

75 5.91881 111q._q

80 5.86120 1137.72

85 5.80332 1160.33

90 5,7;523 1178.82

95 5.68696 1195.75

100 5.62857 1211.69

105 5.57011 1225.27

110 5.51165 IZ;0,50

115 5.15325 1256.71

120 5.39501 1271.68

125 5.33701 [291.60

L30 $.27931 1316.62

140 5.16539 1367.15

[50 5.05385 1;Z5.85

160 ;.93836 1W95.50

170 4.83252 1563._7

180 ;.72995 1637.15

190 ;.63031 1718.70

ZOO ;,53387 1790.11

220 4.31973 1_33.37

Z40 4.17833 2056.7;

Z60 4.01801 Z113.91

200 3.86650 2221.19

300 3.72119 2305.00

320 3.59124 2372.13

340 3.16815 2137.91

360 3.35321 219;.04

380 3.24546 2545.59

400 3.11135 Z593.84

420 3.04968 2613.;1

_40 2.96053 2595.02

460 2.07649 2746.77

100 2.797Z9 2001.06

500 2.722_6 2855.R7

520 2,65156 2913,61

540 2.57738 2909.23

560 2.51357 Z968.85

580 2.45242 3029.73

600 2.394Z8 3092.11

650 2.26073 3253.13

700 2.11178 3419.56

800 1.93802 3163.11

1000 1.63185 4;62,07

2000 @.91WtZ 8267.00

3000 0.63182 12771.66

;000 0.48600 17773.12

5000 0.39313 2;138.63

w TWO-PHASE 80U_DRY

12.3;8 62672.37

12.201 62166.80

12.000 61161.69

11.830 60751.95

11.659 _0038._6

11.500 5932_.16

11.317 58_04.$8

11.206 57885.78

11.000 57166.01

10.789 553T;.68

10.503 53598.95

10.161 51_50.5_

9.870 5013g._2

9.597 1817_.31

9.339 16_63.01

9.101 15312.31

8.865 ;3827.72

8.619 _2113.60

8.365 11073.05

0.10_ 39807.80

7.838 38618.23

7.297 36;60.67

6.762 31576.04

6.365 333;8.0;

5.907 31847.62

5.501 30607.30

5.101 29112.53

;.790 28334.03

_.280 26551.16

3.895 2_919.37

3.622 23292.12

3.452 22118.05

3.320 21316.78

3.243 20577.98

3.175 19987.12

3.123 17_12.81

3.08; 18896.60

3.052 18117.76

3.026 18008.06

3.002 17650.16

2,976 17310.18

2.956 17010.01

2.932 16723.68

2.900 16467.3_

3.005 16266.54

2.985 16068.05

2.965 15884.37

2.9;5 15713.61

2.894 15335.90

2.84; 1501;.06

2.751 11_92.98

Z.611 13761,48

E.210 1_282.63

1.935 11005.39

1.749 11577.66

1.540 11;32.80

(DVIDT_/V THERMAL VISCOSITY THERMAL OIELECTRIC PRAN_TL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

%/DEC. R BTUIFT-HR-R LB/FT-SEC SQ FT/HR
X 10 _

0.001824_ 0.11121 5.037 0.0121 _ 1.32875 Z. 3732

0.0018330 0.11166 _.6_5 0.01230 1.32780 2.23;0

0.0018460 0.11205 k.265 0.01214 1.32619 2.0688

0.001857q 0.1_226 3.911 0.0119q 1.32526 1.9290

0.0010696 0.1_231 3.60_ 0.01183 1.3238_ 1.8102

0.0018_1_ 0.11228 3.347 0.01167 1.3225Z 1.70_2

0.00109?6 0.11210 3.122 0.0115_ 1.3211_ 1.6207

0.0019010 0.11187 2.9_5 0.01137 1.31986 1.51_3

0.0019153 0.1_115 2.753 0.011_3 1.318_ 1._770

0.0019133 0.11019 _.401 0.0108_ 1.31518 1.3130

0.001_711 0.13860 2.111 0.01051 1o31163 1.2469

0.001_956 0.136_3 1.937 _.01017 1.308_8 1.1821

0.00_0255 0.13195 1.777 0.0098_ 1.30511 1.1317

0.0020516 0.13301 1.647 0.0095; 1.30171 1.0935

_.00_076_ 0.13112 1.5_I _.00926 1._983T 1.06_7

0.0020996 0.1_9_4 1.153 0.00902 1.2950C 1.0_17

0.002120T 0.12701 1.379 O. O0_l 1.29163 1.0218

0.002139; 0.12659 1.316 0.00863 1.20828 1.0060

:.0021552 0.12539 1.261 0.008_6 1.284q; 0.9948

0.00_1678 0.121_3 1.21, 0.00829 1.2816_ 0.9872

0.0021770 0.12311 1.17_ 0.0081; 1.2163_ 0.9825

0.00_1815 Q.12115 1.103 0.00785 1.27182 0.9791

0.0021793 0.12091 1.017 0.00770 1.26548 0.9691

0.0021719 0.12137 0.999 0.00757 1.25891 0.9625

0.0021596 0.12_11 0.961 _.007;8 1.25296 0.9567

0.0021379 0.12590 0.78; 0.00761 1.2_718 0.7839

0.0021186 0.12959 0.796 0.00769 1,24159 0.80;8

0.00209_9 0.13218 0.803 0.00778 1.23619 0.0193

0.0020391 0.13646 0.807 0.00796 1.22593 0.8389

0.0019829 0.13860 0.801 0.00014 1.216_2 0.8487

0.0019479 0.139_3 0.791 0.00831 1.2075R 0.8532

0.00190_2 0.13935 0.779 0.00052 1.199_6 0.8520

0.001810_ 0.13068 0.767 0.0087_ 1.19117 0,84;9

0.0017020 0.13766 0.756 0.00907 1.1842; 0.8357

0.0017179 0.13650 0.7;6 0.0094_ 1.17758 0.8241

0.001659& 0.13530 0.738 0.00975 1.17135 0.81_4

0.001605_ 0.13458 0.731 0.0101_ 1.16555 0.8011

0.0915552 0.13321 0.725 0.01050 1.16012 0.7908

0.00150_7 0.13243 0.722 0.01090 1.15506 0.7016

0.0011600 0.13186 0.719 0.01132 1.15030 0.7727

0.0011170 0.13150 0.710 0.01175 1.11583 0.7652

0.001375_ 0.13137 0.718 0.01219 1.1416] 0.7585

0.0013379 0.131_5 0.719 0.0126_ 1.13_67 0.7528

0.0013015 0.13173 0.7Z2 0.01310 1.13392 0.7;78

0.0012026 0.13217 0.725 0.0137W 1.13005 0.736;

0.0012480 0.13252 0.728 _.01126 1.12666 0.7316

0.0012153 0.13361 0.733 0.01180 1.12315 0.7272

0.001184_ 0.1315_ 0.730 0.0153_ 1.12011 0.7233

0.0011131 0.13730 0.75; 0.01678 1.11311 0.7153

0.0010503 0.1108_ 0.772 0.01831 1.10725 0.7090

0.00091_7 0.1191; 0.816 0.02161 1.09675 0.7003

0.0007089 0.16873 0.919 0.02937 1.08101 0.6905

0.000;395 0.27727 1.518 0.08348 1.0;182 0.7163

0,0003058 0.39262 2.107 _.15031 1.03096 0.75;6

0.0002315 0.51231 2.660 0.25299 1.02365 0.7790

0.000190; 0.68239 3.281 0.37772 1.01910 0.7712
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C-2b THERNOOYNAM]C PROPERTIES OF PARAHYDROGEN

12000 PSIA ISOBAR

TEN_ERATJRE VOLUqE

DEG. R _U FT/L8

J 56.606 0,16066

50 0.16105

60 0.16162

6Z 0.16220

6_ 0.16Z58

66 0.16338

60 0.16395

70 0.16455

75 0.16606

80 0,16r60

85 0.16917

90 0.17058

96 0.17242

100 0,1T410

105 0,17500

110 0.17755

115 0,17932

120 0.18113

125 0.18297

130 0.18483

140 0.18064

150 0.19254

160 0.19850

170 0,20085

180 0,20_96

190 0.20914

ZOO 0.2£332

220 0.22184

240 0.23047

260 0,23911

280 0.24786

300 0.25684

320 0.26S91

340 0.27499

360 0.20409

380 0.29308

400 0,30213

420 0,32113

440 0,32017

460 0.32_16

480 0.33817

500 0.34714

520 0.35609

540 0,36500

560 0.37510

500 0.38419

680 0.39326

650 0.41586

700 0.43036

800 0.48311

1000 0.57194

20O0 1.01224

3000 1.45283

4000 1.89460

3000 2.33979

• TNO-PHA$E BOUNDRY

ISOTHERM I$OCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY

OERIVATI_E DERIVATIVE ENERGY OF SOUNO

CU FT-PSIA/LB PSIA/R BTU/LB DYU/Lg BTU/LB-R BTU / 29 -R FTISEC

10743.43 117.2566 -83.879 _73,122 1.46603 1,527 1.873 7014

10_92.14 116.8526 -82.124 275,T52 1o51193 1.543 1,899 7807

10617,37 116.2407 -79.55T 279.585 1.57690 1.564 1.934 7797

10541,29 115.5955 -76.932 263,487 1.64087 1,585 1.968 7787

10464.04 114,9218 -74,251 287,455 1.70386 1.604 2.000 77?5

10385.55 114,2238 -71,517 291.488 1.76591 1.62l 2.032 7763

10306.55 113,5048 -68.732 295,582 1.02703 1.639 2.062 7751

10226.57 112,7679 -65.901 _99,235 1.087Z1 1.654 2.090 7738

10023.97 110.8624 -58.638 310.351 2,03365 1.686 2.256 7705

9819.07 100.8885 -51.119 321,244 2.17490 1.719 2.221 7667

9613.59 106.8655 -_3.546 332,365 2.30898 1.761 2.296 7621

9409.17 104.8062 -35.469 344,013 2.44212 1.795 2.363 7574

9207.32 102.7187 -27.141 355.989 2.57160 1,828 2.427 7526

9009,45 100.6086 -18.461 368.391 2.69885 1.858 1.488 5457

8816,85 98.4796 -9,615 380.975 2.82164 1.884 Z.545 7428

8630.65 96.3349 *0.681 393.84_ 2.94134 1.911 2.602 7377

8451.80 94,1773 8,527 ;06,995 3.05826 1,941 2.659 7325

0281,35 92.0097 17.955 420.439 3,17269 1.973 2.718 7270

8119,_5 89.8357 27.614 434.180 3,28401 _o008 2.778 7214

7967.52 87,6594 37.512 448,224 3.39503 2.046 2.839 7157

7592.04 83.3195 58.064 477._38 3,60999 2.131 2.964 7040

7454.46 79.0371 79,671 507,499 3.81851 2.225 3,088 6423

7250.72 74.8681 102.370 538,995 4,02296 2.326 3.211 6809

7152,68 72.322_ 126,258 572.562 4,22541 2,431 3.359 6767

6966.82 68.7509 151.351 606,793 4.42105 2.537 3.487 6660

6833,37 65.5089 178.172 642.887 4.61608 2,661 3.627 6S69

6775.26 62°6485 205.617 679.641 4.80447 2.759 3.736 6519

6583.52 57.3924 263.420 756.376 5.17004 2.931 3.934 6398

6_07,84 52.6575 324.355 836,470 5.51826 3.059 ;.068 6322

6363.50 48.3703 387.331 918.656 5.84?26 3.142 4.154 6243

6216,32 44.6845 451.460 1002.234 6.15687 3.181 4.204 6170

6067.51 _1,7593 515,969 1086.678 6.44829 3.18r 4.240 6125

6137.75 39.1647 580.406 1171,273 6,72138 3,170 40217 6150

6120.33 36,8303 644,318 12550370 6,9?594 30137 40192 6166

6168.70 34,6554 707.440 1330.707 7,21420 3.096 4.143 6164

6221.37 32.6781 769.58_ 1420.82S 7.43623 3.050 4.087 6215

6258.08 30.8776 830.502 1$02,06T 7,64468 3,004 4.034 6240

6288.93 2q.2575 890.79S I582,153 7,04006 2.959 3.984 6263

6325.34 27.T933 949.940 1661,378 8.02438 2.918 3.938 6209

6376*44 26,4722 1008,208 1739.633 8.19833 2.881 3.895 6320

6;39.02 25,2646 1065.702 1817.145 8.36306 2,049 3.6S6 6355

6491.53 24.1588 1122.508 1093.870 0,51982 2.820 3.024 6385

6558,33 23.1476 1178.719 1969.980 8.66923 2.796 3. 794 6420

6660.26 22.6522 1226.144 2039.427 8,79371 2.704 3.736 6529

6738.67 21,7775 1280.286 2213.799 8.92845 Z,683 3.710 6S70

6819.15 20.9671 1334.046 2187.746 9.05806 2.665 3.607 6611

6901.42 20.2143 1387.447 2261.296 9.18280 2,649 3.667 6652

7113.47 18.5492 1519.442 2443.505 9.47478 2.619 3.626 6755

7332.57 27,1368 1649.977 2624.039 9,74262 2.598 3,596 6857

7785.10 1_.8821 1907.976 2981.492 10.22029 2.575 3.559 7060

0723.46 11,8006 2418,108 3689,001 11,00931 2.556 3.522 7464

13667,20 5.8693 4589,077 7_38.355 13.46348 2.677 3.633 9271

18793,T0 3.9278 7781._30 11009.724 14.97924 2,943 3,905 10749

23999.19 2.9553 10045.959 15055.895 16.33721 3.196 4.166 12039

29244.77 2.3690 14219,915 19419.103 18.14407 3.586 ;.584 13258

500
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'. '/i

$2000 PSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN

TEHPERATURE OEMSIYY V(3M/OV)p V(OP/OU) V "V(OP/OV) T

OEG. R LOICU FT BTU/LB PSIA*CU FTIOTU PSIA

+ 56.606 6.22_Z9 1068.36

50 6,20906 1078.77

60 6.18718 1092.R6

6Z 6.165Z7 1106._0

64 8,14332 1110.97

66 601213; 1131.06

68 6.09933 11qZ.J2

70 6,07729 1151.90

75 6.02207 1173.91

80 5.966?0 1195.02

05 5.91110 $220.82

90 5.055_k 1242,1_

95 5.?q900 1261.66

100 5.14399 1279.90

105 5.68814 1296.05

110 5.63211 1312.86

110 5.57654 1330.97

120 5.52091 13S0*77

125 5.k6546 1372.49

130 5,_10Z9 13q6.20

140 5,30107 1450.37

150 5.19305 1512.85

160 5008918 1582,50

170 ;.97003 1654.1k

180 k,87895 1T2;.15

19m k.70119 1009.12

Z00 4.68?68 1893.03

ZZO 4,S0705 203;.09

240 4.33895 2174,65

260 ;.18214 2265.23

280 4003446 2309.;2

300 3,89354 2398,79

320 3076070 2W$5.25

340 3063647 2533.;9

360 3052003 2596000

380 3041207 2855.05

400 3,30979 2705.86

620 3.21407 Z752.32

440 3.12336 2799.10

480 3003801 2050.73

400 2.95708 2906.17

SO0 z.oeoFz 2qsq.65

5Z0 z.aoaz; 3810.68

540 2.732Z3 3001.26

560 2.6659Z 3060.;8

$80 2060Z80 3121.01

600 2.54Z86 3183.16

650 2.;0668 3343.72

700 2.26125 3509.97

000 2.069q0 3853.59

LO0| L.7;044 ;552.85

Z000 0.987_1 8357.59

3000 0068831 12062.3;

4000 0.52762 17050.;Q

5000 0,42739 2;175.6k

• TWO-PHASE BOUMORY

C-?b

(OV/DT_(V THERMAL VISCOSITY tHERMAL OIELECTRIC PRANDTL
CONOUCII¢ITY OIFFUSIVITY CONSIANT NUMBER

I/OEG. R BTU/_T-_P-R LBIFT-SEC SO FT/HR
X 10 _

12.336 66870.21 0.00175]5 0.1_682 5.385 3.01259 1.33302 2.;733

12.197 66388.15 0.00LT601 0.16711 5.022 0.017_8 1.33213 2,3337

12,009 65691.59 3.00176q5 0.1_736 ;.573 0.01232 1.33085 ?.1605

11.829 _4989.86 0.00177_7 0.14747 k.tq2 0.01215 1.32957 2.01_1

11,662 6;283.93 0.0017077 0.14743 3.867 0.01200 1.3202_ 1.0689

11,501 63574.69 0,0017967 0.1_727 3.587 0._128_ lo37699 1.7817

11.353 62863.03 000018016 O.lq?O0 3.3k; 0.01160 1.32571 1.6806

11.271 6214q.79 0.00181;5 0.1;663 3.131 0.0115_ 1.32_42 1,6068

10.916 60365.06 0.0010365 001_536 ?.?05 0.01120 1.32120 1,4445

10.619 50587.;0 0.001858& 0.1k374 _.]88 0.01085 1.31797 1,3282

10.268 56827.60 0.0018005 0.1k193 ?.IW; 00010;6 1.31;?_ 1.2407

9.969 55095.7q 0.0010073 0.1_001 [.954 0.01017 1.31151 1.1870

9.691 53;00.63 0.0019235 0.1300_ 1.801 0.00981 1.30877 1,1400

9._28 51750.20 0.00194_1 0.13607 1.677 0.00952 1.3050_ 1.1047

9.190 50151.50 0.00196_6 0.13;13 1.575 0.00027 1.30181 1.0757

6.9k9 46610.5; 0.0019818 0.13266 1._89 0.00905 1.29058 1.0513

8.701 47132,28 0,0019981 0.13140 1.416 0.00886 1.79537 1.03Z1

0.;;? 45720.50 0.002012w 0.13016 1.354 0.0086? 1.29217 1.0103

8.185 44370.16 0,00202;3 0.12896 1.301 O.O08;q 2.28098 1.0088

7.910 43106.60 0.0020335 0,12701 1.25_ 0.00832 1o70581 1.0027

7.376 40776.00 0.0020433 0.12572 2.176 0,00800 1.27956 0.9981

6.838 38717.27 0,0020414 0,17544 1.11_ 0o0078_ 1,273_ 0.9878

6.323 36900.19 0,00202_9 0,12609 1.064 0.0077_ 1.76749 0.9750

5.976 35611.95 0,00Z0309 0.1265; 1.019 0.00757 lo76123 0.97;2

5.554 33990.76 0,00_0Z26 0.13075 0.817 0.00768 1025558 0.78k3

5.149 37674.35 0.00200_9 0.134_8 0.830 0.00775 1025009 0.8055

4.843 31760.26 0.0019725 0.1374_ 0.037 0.00785 1.24485 0,8193

6.34; 29676.2; 0.00193;0 0.14146 0.841 0.00798 1.23473 0.842;

3.96? 28150.39 0,001&706 001435k 0.836 0.00853 1.22533 0.05?7

3.682 26613.03 0.0018175 0.1k425 0.8Z5 0.00830 1.21663 0.8550

30482 25079.45 0.0017817 0.14401 0.817 0.008;9 1.20848 0.8531

3.365 23624.09 000017677 0.14310 0.798 0.00867 1.20074 0.8512

3,285 23082.27 0,0016967 0.14199 0.706 0.00895 1.19347 0.8401

3,228 22256.;2 0.0016540 0.14066 0,775 0.00923 1,18670 0.8311

30180 21713*9q 0.0015960 0.13931 0.765 0.00955 101603? 0.0189

3.140 21277.74 00001539_ 0.13003 0.757 0.00990 1,17453 0,6066

3,106 20712.97 00001;907 0013693 O.?SO 0.01026 1.16901 0. Tq57

30076 20213.06 0.0014475 0013601 0.?45 0.01062 1.16386 0.7060

30050 19756.30 0.0014060 0.13531 0.7_2 0.01100 1.15900 0.777k

3.024 10373.20 0.0013664 0.13405 0.740 0.01139 1.15444 0.7695

2.999 19040.70 0.0013269 0.13460 0.739 0.01100 1.15012 0.762_

20973 16700.2_ 0.001Z919 0,13456 0.740 0.012Z2 1014606 0.7565

20948 18427.37 000022560 0.13477 0.741 0.01Z65 1,1_221 0.7510

3,066 181q7.35 0*00124_0 0.13513 0.743 0,01324 1013810 0.7399

3.045 17964.78 0.0012172 0.L3570 0.T47 0.01372 $o13468 0.73_9

3.023 $7749.;$ 0.0012013 0.136_2 0.751 _.01k2_ 1.13136 0.7303

3,001 17549.32 000011S19 O.t37Zq 0.755 0.01473 1.12070 0.7263

2.9;5 17105.62 0,0010044 0.14002 0.770 0.0$606 1.12095 0.7170

2.891 16727.;0 0.00102;6 O.L;3_O 0.708 0.017;_ 1.12450 0.7112

2.792 16114.k0 0.0009235 0.15161 0.831 0002058 1.10353 007019

Z.641 15252,42 0.0007737 0,L7139 0.935 0.0778] 1,06697 0.691;

2.220 13501.95 0.00043;7 0.Z7727 1.555 0.077_5 lo04850 0.7337

$.939 12935.94 0.0003036 0.39261 2.178 0,14605 1.03362 0.7799

1.752 12667.18 0,0002333 0.51202 2.767 0.73Z83 1.02571 0.8105

1.546 12_90.89 0.0001896 0067956 3.32; 0.3;689 1.02078 008072

5O]
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C-2b

13000 uSIA I$)9A_

TEM)ERATURE #OLUqE

)EG, R CU FT/L3

* S8,600 0,1588g

6_ 0,15927

62 0,15981

64 0,16036

66 0.16091

68 0.16145

TO 0.18202

75 0.16343

80 0.1_487

85 _.16_3_

gO 0.167_

_5 0.16936

IGO 0,17091

105 0°172_9

110 0.17410

115 0.17573

12o 0.17740

125 0.17909

130 0.18080

140 0.18430

150 0.18787

160 0.19151

173 0°19519

180 0.19_35

190 0,20315

ZOO 0.20701

EZO 0,21485

Z4O O,ZZZ75

260 0,23078

280 0.23576

300 0,24_81

320 0.25803

340 0.26336

360 0.27176

300 0.28_Z_

_00 0.28149

4ZO 0.Z9685

440 0.3_515

_60 0.313W3

480 0.32168

500 0,32_92

520 0.338?0

5_0 0,3_740

560 0.31_7_

580 D.36_17

600 0.37254

650 0o3933_

700 0._1_13

800 0._5540

1000 0,53729

ZOO0 0.9_98

3000 1*34)07

4000 1.75643

5000 2.16700

+ TWO-PHASE BOUWORY

ThERHO3VNAMIC PROPERTIES OF PARAHYD_OGEN

ISOTHERM ISOCMORE INTERNAL ENTMALO¥ ENTROPY CV CP VELOCITY

DERIVATIVE OERIVATI_E ENFRGY OF SOUNO

$U ;T-PSla/_3 PSIA/R BTUILB OTU/L_ 8TUILB-R BTU / LB -R FTISEC

11291.32 120,080_ -78,960 303,533 1,48030 1.567 1.897 8009

11241.90 119.6261 -77.195 306.Z06 1,SZSk7 1,562 1.9_1 8002

11170.06 11_.9503 -74.6_Z 310.087 1._8902 1.58_ 1.95_ 7993

11_96.85 118.2479 -71.994 31_.0_4 1,65159 1.603 1.987 7983

11022.41 117.5231 -_9.313 318.030 1.7132_ 1.6_ Z. 018 797Z

109_.8_ 116,7793 -66,580 3_.096 1,77391 1.639 Z.0_6 7960

L0970,3_ 116.0187 -63.801 326.Z19 1,83368 1,654 2.075 T9k9

10575,h7 11W,0666 -56,667 336.758 1.97906 1.688 2.1;0 ?919

10_77.03 112._582 -_9.2_5 3_7.616 2.119_0 1.721 Z.203 760_

10_T6.72 110,0137 -41.829 _58.59_ Z.Z5216 1. T64 Z._77 7839

130TC.1_ I07.9_51 -31.879 37_.1_3 _.38_16 1.799 Z. 3k2 7795

9876,78 105._598 °25.675 382.011 Z.51Z50 1.832 Z._05 TT_9

9680,04 I03.76Z5 -17.120 39_.303 Z,63860 1.064 _.k65 770Z

_W87,22 101.6556 -8,457 406,769 2,76023 1,891 Z.521 76S_

9299._6 99.5_0_ 0._17 _19.51_ _.87880 1.919 2.577 7606

9117.02 97._19_ 9.507 _32.5_ _.99_61 1.950 E,63k T5_6

89_3._0 95.29Z4 18.8_2 4_5.661 3,10797 1.963 Z.693 7501

8776.35 93.1613 _8.3TZ 4_9o478 3,2191k Z.O_O _.?Sk T_

8617.87 91.028_ 38.167 _73._00 3,3283; Z.059 Z. 815 7309

6327.50 86.7668 58.535 50_.187 3.54161 Z.1k6 _.9k2 72?2

8073._3 8Z.5370 79.994 53_,253 3.7_900 Z.Z_4 3,071 7155

7153.20 7_,3775 102.586 563.597 3.9512k _,3_7 $.197 70_0

766_.5t 74.33_6 IZ6.316 596.18_ k,Ik87T Z.kS_ 3.319 6_Z9

7525._2 72.0710 151,166 631,058 k.3479Z Z.559 3._73 6079

7_22,07 68,5_39 177.898 666.9Z1 _.S_173 _,664 3.60_ 5798

7276.86 65.5217 205.2_3 703.572 _,?Z959 Z, 783 3,719 6FiE

T035,98 60°1892 Z62.SkS ?80.035 5.0930_ Z,95k 3.922 6579

8_09.50 55.577; 323,6_3 859.890 S*;klOi 3.002 ;,068 6500

6870,70 51.302_ 386.619 9_2.169 Y.7?0_5 3.165 _.1_7 6_50

6755.20 47.3811 _50.798 1025.597 6.07933 3.205 _,187 639_

6516,88 44,0033 515,286 1109.410 6.36871 3.211 4. ZOZ 6333

6_9._6 _1.337_ 579.610 1193.$21 6.6_023 3.193 _.217 6272

6;71.83 39,0334 6_3,463 1_77._31 6.89_7 3.159 _.187 6306

6427.1D 36,8645 706.56_ 1360.755 _.13253 3.116 4.158 6301

656_._$ 3_,8775 760.778 1_3.393 7.35596 3.069 _.093 6369

6519.99 33.0331 829.992 1524._6_ 7.86_0t 3.0_3 _.039 6_01

6656.66 31.305_ 890.214 160W.867 7,76017 Z.978 3.987 6_Z6

6707._1 29.?_82 9_9._91 166_.063 7.9_kk3 Z.93T 3.938 6k55

674_.73 _8.3354 1007,891 176Z._00 6,11856 Z,900 3,896 6_79

6779.15 27.05_7 1061.518 1839,870 8.Z8321 2.867 3.860 6_03

6833.72 25.88_ 112Z._6Z 1916.658 8._4010 Z.639 3.827 6533

6902.25 2_.80_Z 1178.61_ 1992.934 6.58981 Z.81_ 3.796 6_67

7013.70 2_,_175 12Z$o4_0 _061.697 8.71_71 Z°714 3°7_0 _:_91

?007,6_ 23,4796 1_79,668 2136,154 8,6_761 2,893 3,71_ 6729

7163.97 22,6098 1333.532 ZZ10.189 8,97737 Z.67_ 3.691 6768

7242.33 21,801_ 1387.040 Z283.8_9 9.10226 ?,659 3.6?1 6008

7;45.60 20,0112 1519.309 2466,263 9.39_66 2,6Z9 3,630 6902

T657.0_ 18,_927 1650.101 _847.017 9,6627? Z.606 3.601 6999

8096.59 16.0608 1908.598 300_.869 10,1_097 2.584 3.563 719_

gOld.f2 12,7357 Z419°586 371Z.97_ 10.93056 Z.563 3°525 ?579

13895.08 6,3359 _992.837 7262.8E0 13.385Z8 2.681 3.633 9339

18985.53 _.2_25 7786,096 11033.64_ 14,90083 Z.9kb 3°905 10797

24168.38 3.1936 10850.69_ 15078.868 16,25853 3,198 _.165 12076

29398,66 2.5618 1_Z_0.504 19_37,002 18.06_Z9 3.580 ;.573 13190

L
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13000 PSIA ZSOBAR

THERMODYNAMIC pROPERTIES OF PARAHYDROGEN

TERPERATUR[ DENSITY ¥(OH/OV)p

OEG. R LBICU FY BTU/LB

I $8.600 8.29389 1122.75

60 6.27819 1133.$9

62 6025740 1148.72

64 6,23609 1162.82

66 6,214T8 1120._1

68 6019345 1188.90

70 6.17211 1200.05

75 60118?1 1225,20

50 6.06526 1249._6

85 6.01176 1270050

qO 5.95821 1302.71

95 50904S3 1324.91

[00 5,05104 1345.?Z

105 5.79785 1353.99

110 5o74390 1382.90

115 5,090k2 1403.@5

120 5063T07 1424,85

125 5,58889 1446,53

130 5.53094 1474.26

140 S.42598 1532,25

150 5.32273 1598.75

160 S.22167 1672.05

170 5,12324 1752.85

180 5.01628 1819.03

[gO k,qzzsT 1920.05

200 4.83064 1995.19

ZZO 4,654_? 2133.83

240 k,48906 2270.11

260 4,33309 2406.5?

280 _.18827 2300.39

300 k,05176 2559.96

320 3.92117 2571.84

340 3,T9112 2635.91

360 3.67973 2665.46

380 3056833 2T49.34

400 3046630 2805.89

420 3,368_1 2851,95

440 3027TeT 2909059

460 30190_8 29S8.09

480 3.10872 3006,79

SO0 3,0310_ 3062,22

SZO 2.95687 3123.35

$40 2,82853 3092,51

S60 2.81061 3151.38

580 2.74504 3211,60

600 2,68429 3273.52

650 2,54208 3433. T4

Foe 2.41N70 3599.88

S00 2019585 39_3.69

1000 1.86120 4643.54

ZOOO 1,06847 8448.43

3000 0,?4125 12952.5?

4080 0.56434 17943,k_

5000 004614T 24217,82

• TNO-PHAS( 8OUMDRY

¥(OPIDU) V -V(DP/OV) T

PSIA-CU FTIBTU PSIA

12.331 71062.90

12.194 70584.43

12.005 69895.53

11.829 69201.01

11.66C 60501.79

11.505 B7798.75

110366 67092,75

11.047 65320.08

10.T37 635_5.90

10,376 61281,14

10.068 60035,74

9.28_ 58318.74

9.515 56638,28

9.2?3 55001,63

9.029 53_15.1_

8.780 5188_,25

8.52_ 50413.4_

8.261 49006.17

7,99_ k266_.90

7.451 45184.87

6.912 42971.62

6.394 41006.82

5.912 39256,09

5.615 37T_7.61

5.195 36555033

4.87_ 35150,44

4.378 32746.92

4,017 31017.14

3.741 29771.3?

3,530 28292.96

3.382 26810001

3.302 25210.97

3.25_ 245?4.30

3.215 23631.64

3.18k 23426.24

3.152 22946.90

3.121 22422,3?

3.091 21980.6?

30063 21512._9

3.036 2107k.52

30000 20?13037

20981 20409,09

3.125 20189.15

3.102 19920.52

3.078 19671,82

3.054 19440.$5

2,995 18927.31

2.937 18489._2

2.631 17778.92

20670 167?8.00

2.228 1_735.31

1.943 14023.04

1.?Y_ 13759.91

1.551 13566.95

C-Zb

3V/OT_/V THERMAL VISCOSITY IMERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUHBER

IIDEG. R BTU/FT-HR-R La/FT-S_C SQ FT/HR
x 105

0.0016898 0.15214 5.743 O. OI2Tk 1.33709 2.5781

0.00169_ 0.15232 5.356 O.01?_T 1.33622 2.4321

0.001701_ 0.152_6 4.8?9 00012k6 1.3349T Z, ZS19

0.0017088 0.152_5 4._73 0.01730 1.33372 2.0987

0.0017156 0.15230 4.125 0.0121_ t.332_7 1,9680

0.001T22_ 0.15203 3.825 0001199 1,33122 1.8550

00001?292 0.15166 3,555 0.0118_ 103299T 1.7560

00001T_63 0.15038 3.046 0.01144 1.32684 1.5604

0.001T63k 0.14873 2.66_ 0.01113 1032322 104205

0,00t7007 0.14687 2.373 0.01073 1,32059 1,3242

O.O01T�_Q 0.14409 2.147 0.01035 1.31747 1.2495

0.0018152 0014207 1,968 0,01008 1031436 1.1929

0.0018320 0+1_080 1.823 0.00976 1.3112_ 1.1487

0.0018402 0.13804 1.?0_ 0.00050 1.3081_ 1,1139

0,0018635 0.13732 1.605 0.0092& 1.30503 1,98k_

000018?76 0.13602 1.522 0,0090? 103019_ 1.0611

0,0018902 0.134T3 1._51 0,00882 1.29886 1004kl

000019010 0.13349 1.390 0.0086_ 1.295?9 1.0322

0.0019098 0,13230 1.337 0.00850 1.2927_ 1.0243

000019203 0.13011 1.250 0.00815 1.286T1 1,0176

0.001920? 0,12928 1.182 0.0079k 1.28080 1.0064

000019113 0.13041 1.1_6 0.00781 1,22503 0,9942

0.0018935 001310_ 1.001 _.00271 1,26942 005854

0,0019093 0.13530 0.849 0.007_7 1.26335 0,7841

0.0018773 0.1391_ 0.862 0.0078_ 1.25804 0.8040

0.0018640 0.14219 0.871 0.00791 1.25265 0.8197

0.0018380 0.|4627 0.8?_ 0.00001 1.24294 0.8447

0.0017918 0.14830 0.869 0.0081_ 1.23369 0,8582

0.0017232 0.14890 0,05? 0.00829 1.22500 0.8596

0.0016747 0,1_853 0.8_3 0.00847 1.21697 0,8559

0.0016413 0,14755 0,829 0.00867 1.20943 0,8496

0.001639? 0,1k620 0.815 0,0008_ 1.20225 0,8462

0.0015884 0.14472 0.802 0.00910 1.19546 0,8357

0.0015500 0.14322 0.291 0.00936 1.18905 0.8273

0,0014888 0.14180 0.782 0.00971 1.18299 0,8129

0.0014395 0.14056 O.r?S 0.0100_ 1.17246 008015

0,0013962 0.13952 0.269 0001039 1,17212 0.7910

0,0013534 0.13871 0.265 0.01075 1.16225 0.7814

0,0013122 0.13013 0.762 0.01111 1,16260 007734

0.0012838 0,13778 0.760 0.011_8 1,15822 0.7665

0,0012446 0,1326T O,T60 0.0118T 1,15406 0*T602

0.001215_ 0,1377T 0.260 0.0122? 1.15011 0.7543

0.001Z09_ 0,13806 0.762 0.01282 1.1459N 007433

0,0011782 0,13855 0,765 0.01327 1.14234 0,7381

0.0011494 0.13921 0.758 0.0137_ 1.13891 0.733_

0.001121_ 0.1_002 0.?23 0.01421 1013565 0.7292

0,0010573 0.14262 0.286 0.01545 1.12816 0.720_

000010002 0.14592 0,803 0.01628 1,12148 0,1135

0.0009034 0.15_06 0.8_5 0.01969 1.11006 0.7036

0.0907591 0.17_00 0.9_9 0.02057 1.09Z76 0.6924

0.000_300 0.27727 1.593 0.0719T 1.05213 0.7512

0.0003015 0.39261 2.251 0.1356_ 1,03624 008061

0,00023_1 0.5117k 2.881 0.21583 1002275 0.8439

0.0001888 0.67706 30kF9 0.32082 1.02245 0.8460
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C-gh

1_000 PSIA ISO8&R

TEN)ERATURE VOL_NE

DEG. R CU FTFL8

60,5;3 0,15TZ;

6Z 0,15762

6; 0.15013

66 0.15865

68 0.15918

70 0.15971

75 0,16L04

80 0,1623q

05 0,16377

90 0.16517

95 0.16559

IO0 0.16304

105 0.16951

110 0,17100

115 0.17Z52

lZO 0.17407

125 0.1?563

130 0.177ZZ

1_0 0,180k5

150 0,18375

160 0.18r1!

170 0,19051

160 0.19394

190 0.19738

200 0.20140

ZZO 0.20059

2kO 0.21598

260 0,22337

280 0,23089

300 0,2382?

320 0.24560

340 0,25326

360 0,26114

300 0.260?3

_00 0.2?56?

4Z0 0.28453

k_O 0,29219

460 O,ZgqO?

400 0.30r47

SO0 0.31500

520 0.32267

540 0.33139

560 0.33918

500 0.34_95

600 0°35471

650 0.37405

700 0.39330

800 0,43159

1000 0,50752

ZOO0 0,80]50

3000 1o25990

_000 1o63TOL

5000 Z.0106r

• INO-PHASE 80UMDRY

THERMOOTNAMIC PROPERTIES OF PARAHY_ROGEN

ISOTHERM I50CHORE INTERNAL ENTMALPY ENTROPY

OERIVATI#E OERIVATIeE FNERGY

CU ;T-PSIA/LB PSIA/R BTU/LO BTU/LO 8TU/LB-R

11032.71 12_.8473 -7;.0Z0 333.614 1,49405

11703.79 I22,3245 -72.177 336._29 1.53999

1171_,11 121.5056 -69.590 340.350 1.60Z23

116_3.51 120.8267 -66.965 14_,$33 1.66351

I1571.E2 120,0508 -64.280 340,377 1.72306

11_9_,56 119°2610 "61,548 352,_76 1.70328

11311.60 117.2419 -54,529 362.951 1,92779

11119,90 115,1808 -47.253 373.740 2,06703

10_25.14 113,0966 -39.920 304.642 2.19907

10720.91 111.0008 -32,002 396,109 2.33014

10532,71 108,9003 -73,989 407.890 2,45752

10337.92 106.7988 -15,544 420,086 Z.50265

101;5.82 10;.6970 -6,990 _32.453 2.70332

9957.61 102,5979 1o777 _45.094 Z.OZ09Z

9774.35 100.4990 10.763 ;58.016 2,93579

9597.00 98.4008 19.976 47L.226 3,04823

9426.30 96.3031 29.420 _04.73_ 3.15050

9263.17 9;°206q 39.131 490,549 3.26686

0961.00 90.0192 59.331 527,132 3.;7863

8592.91 85.8532 80.653 557.020 3o60478

0458.69 81.7321 103,143 588.221 3.88610

0255,4; 77.6887 126.811 6Z0.705 4,00299

0077.7Z 73.761Z 151.633 654.408 4.27561

7917.80 69.9907 170,157 669.650 6._6711

7900,26 68.4628 205.350 727.855 4.66100

7512.78 62.6419 262.024 803,576 5.02267

7308.66 58,0227 323,469 883.374 5,36961

?227,70 53,9393 306,360 965°435 5,69822

?248.06 50.0377 450,508 1049.155 6.00836

7141.74 46.4329 515.176 1132.860 6,29725

7034.05 43.3153 579.540 1216.436 6.56704

6745,9_ 40,8489 643,302 1299,848 6,81952

6781,29 30.7775 706.336 1383.322 7.05019

6819.65 36. T966 768.519 1_65.179 7.Z795k

&893.77 35.0007 829,762 1547.018 7,48958

6978.15 33.2477 890.0?5 1627.589 ?.60639

7067.62 31,6323 949,475 1706.953 ?.87081

7118,50 30,1412 1008.010 1785.393 8.04517

7136.97 28.7764 1065.776 1862,871 8.20983

7181.09 27.5335 1122,856 1939.667 8.366?3

7217.7_ 26.3973 1179.344 Z015.046 0.51626

7370.07 26,1594 1224.953 2084.051 8.537?9

7439,39 25.1590 1279,297 2150,506 0.77203

7511.38 24.2322 1333.259 Z232,701 8.90273

7585,71 23.3694 1386.866 2306.424 9.027?6

?779.90 21,4567 1519.380 2409.067 9,320_3

7983.40 19.0323 1650.428 26?0.027 9,50091

8409.5_ 17.2276 1909,_06 3028.259 10.06762

9306.50 13.6617 2421.239 3736.939 10,05796

14120.46 6.7900 _996.851 720T.261 13,31301

19172.06 4,5545 ?791.089 11057._83 14.82032

24330.22 3.4302 10855.845 15101.747 15.18575

29543.70 2,7527 14222,021 19455.266 1T.99051

CV CP VELOCITY

OF $OUNO

8Tu / LB -R FT/SEC

1.56r 1.920 8197

1,582 1,9_4 8191

1.602 1.976 8182

1,621 2.007 8172

1.639 Z.036 8161

1.654 2.063 8151

1.689 Z.126 6123

1.723 2.189 8090

1.?67 Z.261 0048

1.803 2,325 8006

1.837 2.38? 7962

1.869 2.446 7917

1.097 2.501 7871

1,926 2,556 7024

1. 958 Z. 613 ?774

1. 992 2. 672 ??21

2.0 30 Z, ?32 7667

Z. 070 Z. 794 7611

Z, 160 Z, 923 7496

Z.259 3.055 73?9

Z*366 3.185 7263

_._75 3,311 7152

2,58; 3.428 70_6

?,TO9 3,557 6940

Z, 806 3,697 69_0

2,970 3.904 6755

3.105 4.060 6654

3.188 4.155 6506

3.229 4.164 &596

3,236 4.188 6544

3.218 4.172 6500

3.102 4.181 6408

3.130 4,14E 64_3

3,091 4.099 6474

3.043 _.051 6520

Z.998 ).995 6564

2,956 3.941 6607

Z.919 3,096 6635

2.086 3.061 6651

2.857 3.828 6676

2, 8 33 1.80 1 6690

2,724 3o 744 6850

Z. 703 3. 718 6005

2.605 3. 695 6921

Z.669 3,675 6957

2,638 3.635 70_7

2,617 3,605 7138

2.59Z ].566 7321

2.570 3.527 7692

2,686 3.632 940_

2.950 3.904 10842

3.200 ;.163 12110

3.57; ;,564 13219

L
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ORIGINAL l_....

OF POOR QUALITY

14000 RSIA ISOBAR

THERMODYNAMIC PROPERTIES OF PAPAHYDROGEN

TER_ER&TURE DENSITY V(DH/DVIp V(DP/OU_ -V(OP/DV) F

3EG. R LBICU FT BTU/LB PSIA-CU FT/BTU PSI4

60,5W3 6,35967 1176,18 12,331 /5252.1_

6Z 6.36W54 1188.31 12.106 7_75g.60

6_ 6.323?8 1203.96 12.001 7_077._q

66 6.30303 1219.03 11.826 73389.36

68 6.Z8228 1_32.96 11.661 72696.11

70 6.26153 1Z45.68 11.515 71998.60

75 6.20969 1273.96 11.180 7J241.63

80 6.15708 1301.24 10.858 68_75.01

85 6.10611 1333.55 10.486 66710.05

90 6.05436 1560.70 10.168 6q956.71

95 6.00?65 1385.64 g.876 6_22h. I_

100 5.95097 1_09.01 9.602 61520,65

105 5.8993_ 162_.58 9.355 6q853.71

110 5.847?9 Ib50.68 9,108 58229.98

115 5.79632 1_7_.97 8.856 56655,28

120 5,74498 1k96.86 0.697 55136.56

125 5,69380 1522.61 8.336 53671.90

130 5.64_83 1550.60 8.065 52270._8

160 5.SklF2 t612._9 7,5_2 k9659.30

150 5,_6207 1683.15 6.982 67307,63

160 5.3643W 1761.6_ 6.466 65206.12

170 5.26895 1866.59 $,979 k3332,33

180 5,15622 1935.96 5.536 _1650.69

190 5,06656 Z038.41 5.101 60114.80

200 k.96332 2119.16 6.918 39251.38

Z?0 N.79410 Z246.71 6.387 36017.03

240 W.63012 2368.05 6.035 35839,95

260 4,47683 Z492.60 3.779 32357.17

?SO 4,3310_ 262k.58 3,570 31391.66

300 6.19700 Z?03.60 3.419 ?9973.85

320 W.070kO 2757.61 3.307 28631.37

360 3.96858 Z?26.$1 3._51 26636.81

360 3.82935 2776.50 3.227 25967.96

380 3.72119 2627.2? 3.200 25377.26

_00 3.61636 2883.56 3.182 24916.55

420 3.51460 29_E.97 3.156 2_525.3q

660 3.622_3 3013.69 3.177 26188.66

W60 3°33680 3068.79 3,096 23738.80

600 3.2_23k 3116.28 3.066 23211.83

500 3.17383 3168.67 3.036 22791.5?

520 3.09912 3220.71 3.007 22368.66

560 3.01751 3103.02 3.182 22239.98

560 2.94631 3241.53 3.157 21933.65

580 2,88225 3301.51 3.132 21669.70

600 2,019_0 3363.23 3,106 21385.65

650 Z.673k6 3523.19 3.062 20?99.26

700 2,54259 3689.31 2.981 _0298.52

000 2.31T03 _033.63 2.868 19685.19

1000 t.97037 6734,12 2.697 10337,28

Z000 1.13186 8539.60 2.236 15902.37

3000 0°79366 13063.35 1.965 15216.18

_000 0.61057 18028.66 1.756 16895.30

_000 0.69538 26_66.13 1.555 14635.22

• TWOoPH&SE BOUMDRY

(IV/OT_/V THERMAL VISCOSITY THERMAL ]IELECTRIC
CONDUCTIVITY 91C¢USIVITY CONSTANT

I/DEG, R BTU/FT-_R-R L_/F T-SEE SQ FT/H_
W 10

0.0016325 0.1672n 6.117 0.01288

3.001636? O.I57Ih 6.686 _.01_7_

0,0016613 0.15736 _.181 _.012_q

0.001666_ 0.15720 _.751 _.01Z43

0,0016_1_ 0.1569q _.382 0.01227

0.00165_ 0.15657 _.063 0.01_I?

0.00166_1 0.16626 _._ ].J1176

O.O_I6A_l 0.15357 2.]73 3.011X_

0,0_16q53 0.15166 2.67fi 0. OlOqq

0.001709_ 0.I_963 _.]59 0.01063

0.001722_ 0.1W7_5 2.14q 3._I030

1.3609_

1.36009

1.33_87

1.33765

1.336W ]

1.33521

1.32913

1,3_610

1.3?308

1.32006

t._1705

1.31k05

1.31106

1.30807

1.30510

1.3021h

1,79919

1.2933_

1.2876W

1.2820_

1.2T658

1.27130

1.26619

1.26035

1.25079

1.?_150

1.23301

1.Z_89

1.217_5

1.21046

1.20376

1.19722

1.19131

1.186_9

1.1800_

1.17509

1.17036

1.1659_

1.16170

1.15770

1.15335

1.16965

1.1_61h

1.16279

1.13508

1.12819

1.11637

1.C9838

1.06671

1.03_86

1.0297q

1.0_b11

0.001_360 O.t_Sh6 l.q_3 0.00999

0,0317992 0.1_338 1.Bh_ 0.0097 _

0.0017619 0.14182 1,728 O,00q_q

0.0017?]9 0,1_047 1.633 _,00977

0.001784? _.13916 1.552 0.00q07

9,0017q_3 0.13786 t,683 0.006_6

0.0018023 0.13661 1._ 0.00_66

0.00181_7 0.13_33 1.326 0.00829

0.001_1_ 0.13396 1.2_9 0.00P0_

0.0018000 0.13457 1.189 _.00791

0.00179?9 0.135_2 1.13q o. o077a

0.0017710 0.13962 0._79 O.0O?qq

0.00176_A 0.14359 0.893 3.00797

0.0017647 0.14673 0.902 0.00800

0.0017392 0.150_8 0.908 0.0080_

0.00171_6 0.15290 0.901 0.0081]

0.00166?0 0.15341 0.889 0.0082_

0.00169_0 0.15792 0.07_ 0._08_

0.0015691 0.15180 0.858 0.0086_

0.00151_9 0.15031 0.863 O.O08Bs

0.0015336 0.14868 0,830 0.00901

0.00149_3 0.16709 0.818 0.00926

0.0014600 0.14550 0,807 0.0095_

0,0016047 0.16_13 0.799 0.0098_

0.0013566 0.1_297 0.792 0.0101_

0.0013077 0.14206 0.787 D.OI05X

0.0012697 0.1_136 0.r83 0.0108_

0.001239? 0.16092 0.781 0._1122

0.0017081 0.1_077 0.700 0.01158

0.0011801 0.16076 0.700 0.01195

0.0011T62 0.14096 0.?81 0.017_

0.0011671 0.16137 0.783 0.01790

0.0011193 0.16196 0.786 0.0133_

0.001092_ 0.142?1 0.790 0.01377

0.0010316 0.14519 0._02 0.0169_

0.0009770 0.168_1 0.816 0.0161q

0,0008041 0.16647 0.860 0.0189_

0.000?650 0.17656 0.964 0.0266_

0,0004253 0._7727 1.630 0.067_

0,000299_ 0,39Z60 2,32_ 0.12670

9.0002309 0.51151 3.002 0.20126

0.0001881 0.67983 3.647 0.2985_

(-2b

PR_NOTL

NUMBEm

_.6868

2.5296

2. 362_

2.1835

2.0_66

1.9272

t. 692w

1.6252

1.6095

1.3199

1.251_

1.1917

1.1566

1.1215

1.0933

1.0726

1.0578

1.0_77

1.03_1

1.0253

1.01_5

1.0036

0.7769

0.7966

0.8186

0._463

0.8617

0.8669

0.8609

O. 8_27

0.86??

0.8_01

0.8301

0.8190

0. 8003

0.7968

0.7869

O. 7770

O, 7700

0.7636

O. 7590

0.7666

0.7413

0.736_

O. 73_1

0.7229

0.7157

0.7053

0.6q3]

0.7689

0.0336

0.8796

0.8879

5O5
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C-Zb THFPMO3YNAMIC r:,DPEQIIFS OF PARAHY,]ROGEN

15_!0 PSIA IS3BAR

TEMPERATURE VOLUME

3EG. R CU FT/L9

" 6Z._WQ 0.15_6q

6_ 0.15608

66 0.15657

68 0,[5707

70 0,15252

75 0.1588_

80 0,1601E

85 0*161WZ

90 0.1622k

95 0.16_07

100 0.165_3

105 0.16681

110 0,16821

115 0,16962

1Z0 0.17%06

125 0.17252

130 O.IT_O0

1_0 0.12700

150 0.18008

16_ 0.18320

170 0.18636

180 0.18_55

190 0.192T_

200 0,1959_

220 0.20316

Z_0 0,Z0992

260 0.21878

280 0.2_390

300 O,Z3O8Z

320 0.23?6k

3kO 0.2_k9

360 0.2512_

$80 0.25866

_00 0.2661w

_ZO 0,ZT326

_kO 0.28077

_60 0.28790

_80 0.29507

500 0.3021k

520 0.30318

5_0 0.312_5

560 0.32_71

580 0,33196

600 0.33920

650 0,35123

?00 0,3?$19

800 0._1088

1000 0.48166

_OOO 0+83186

3000 1.18262

w000 1.53_83

5000 1.88992

" TWO-P_ASE BOUWDRT

ISOTHERM ISOCHORE INTFRNAL aNTHALPy ENTROPY CV CP VELOCITY

DERIVATIVE O_RIV_TIVc ENERGY OF SOUND

CU =T-OSIAIL9 PSJ_'R OTU/LB 8TU/L] 81UILB-R BTU I -R FT/SEC

1236_.20 125.5_;_ -69,066 I63.]Rq 1,80710 lo596 1.9_3 8379

IZ]12,21 12_,9_5 -67,08S 166._39 1,55535 I.601 L.967 8373

12250,_5 1ZW.i_ -6_._96 ]70._0_ 1.61636 1.621 I.998 836_

12182,22 123.3296 -61.855 32_,_29 1.626_3 1o639 2.027 q3S_

12112,_5 122.5032 -59.166 3?8.50'+ 1.73557 1.655 2°053 83_5

11)33.66 120._016 -52.2_k $88.93' 1,97932 1,690 _°116 8319

ll?ka.8_ 118,Z715 -_5,001 ]99.66 _ 2.01288 1.?IS 2.177 _289

11559,8_ 116.1315 -37,850 _10.505 2.1_917 1,769 2.2k_ 82k8

11368.37 :13.99_7 -30.113 _1.90_ 2,279_6 1._07 2.311 8208

1117_.7e tI,861_ -_Z. IZO W33.612 2,k0605 1,_1 2. I71 8166

10983.51 109.7808 -13. T73 _wS.?2q Z.530]? 1o07_ +.830 812?

10792.83 107.6306 -5,316 _58.012 Z.6502_ I,903 _._3 80P8

1060h,96 105,5315 3.356 _70°565 Z,76700 L.933 2.538 8032

10_20,98 103._kZO 12.Z_ _83.396 Z,88106 1.965 2°59_ ?983

102k1.89 101.3607 Zi,370 _96.51_ 2.q_Z?O 2.000 2.65_ 7932

10068,56 99.2862 30.?35 509.926 3,10220 2.039 2.71J 7879

9_01.?_ <:.2173 _0.353 523.6_? 3.209_? ?.080 2,??_ 282_

9590.08 9_.09_5 60.kO0 553,0_7 $._202_ _.122 2.906 7210

9310.31 8_.9936 81.592 581.771 3.625_6 2.2?3 1.0_0 759_

9063,T3 8_.92_6 103.98_ 612,a38 3,825?1 _,382 3.173 ?_79

00k8.05 80.9109 127.590 6_5,226 _.02202 2,_9k 3.303 ?368

8661._7 76,9769 152,388 67_._71 W*21k30 Z.605 3._25 7263

8W96,86 73.1558 178,927 71_.289 W._0568 Z.732 3.555 2197

83_7.66 69._815 206,066 ?50._1t _.99030 2._33 3.655 706k

3121.9_ 65.1787 263°22k 827.S_9 _.958_0 3,003 3.882 6975

2582.19 60.0829 $23.826 906.882 5.30328 3.130 q.063 6?52

?560.E2 56.0625 386.608 988.231 S,6310_ 3.212 k.152 6?32

?_92,81 52.3239 k50.777 1072.67k 5.9_203 3.252 _,20_ 6698

?blR.CO _S.8_kk 516.W_ 1_56°57k 6.23158 3.260 k, 187 6733

7523.92 _5._lkk 579.962 12_0.020 6.50096 3.2k] _.16_ 6690

?k77,36 _2.6121 6_3.827 1322.92_ 6.25189 3.208 _,122 6672

?002.37 _0,320k 706.826 1;0k.?25 6.98595 $.166 _,1_1 6516

69_3.56 3_._52 T68,901 1_8?,3k0 ?.20920 3.11_ _.116 6521

V209.Q1 36.6357 830,100 1569.332 7._1923 3.065 _.0_1 _637

_10_.77 35.0231 890,k12 16k9._19 _.61513 _.019 W*021 6622

?333,26 33.3906 9_9,826 I729.?3_ T,eozok Z.R?6 3°952 6717

7;11.kl 31,812$ 1_08.530 180_°192 7.9T6_6 _.939 $.907 6_56

7_59,67 30._399 1066._27 1_86._05 8,1_18_ 2,905 3.866 6T82

75_2.51 29.1313 1123.651 1962.87k 0.29890 _,872 3._28 681q

2561.k0 22.92_3 1180°287 2039.0_7 8._WSk? 2,852 3.801 6833

7729,31 22,8785 122h.216 2106._66 8.56810 2.73_ 3,?k? 7006

7?93,82 26.8188 1229.1G8 2181.0_ 8,?0327 ?.?1_ 3.222 7038

7861,_8 25,83_6 1333.201 22Y_.260 8.83330 _,69_ $.699 28?1

2931,52 2_.9186 1386.900 2329.059 0.958_6 2.6?8 3.679 7105

811E.30 22.8859 1519.652 2511.898 9.Z51_5 2,6_7 3.638 T189

8311.61 21,157_ 1650.939 2693.0S2 9°52021 2.626 3.600 222_

8?23.89 18,382_ 1910.382 3051°6q9 9,_9q_ 2,601 3,570 ?_k8

9599.10 1_.5287 2_23.050 3?60.895 10.79030 2.578 3.529 7802

1_3k3.53 T.2553 5001.107 2311.629 13.2_586 2,691 3.632 9_70

19353.53 6*8637 7?96.399 11081.2_9 1_,76091 ?,95h 3.903 10885

2_k8_.91 3.66h9 10861.399 1912_.53_ 16.11802 T.20_ _.161 121_2

29680.08 2.9_22 1_2_.37k 19_23.810 1?.92191 ].569 W. 555 132_E
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15000 PSIA IS3BE_

TEMPERATURE DENSITY

DEC. R LB/CU FT

THERMODYNAMIC PROPERTIES Or PARAHY3_Gr_ C-2b

V(3HIOW)p V(DPlOU) V -V(OPIOV) T (OVIOT)_V THFRMAL VISCOSITY THERMAL 31ELECTRIC PRANOTL
CONOUCTI#ITY OIFFUSIVITY CONSTANT NUMBER

BTUILP PSIA-CU _TIBTU PSIA IlD_G. R _TU/FT-HP-R LOIFT-SEC SQ FTIHR
X 10 _

• 6Z.AqO 6.42285 1229.2_

64 6.WOTOZ 1242,56

66 6.386T_ 1259,1_

68 6.366_ 1ZT_.5_

70 6.3_625 128_._%

75 6,2957W 1320,15

RO 6.2_535 1350.57

85 6.1950? 1388,1&

90 6.1_W89 1416.29

05 6.0q_00 106_,02

100 6,0_479 1_70,00

105 5.99_88 1W92,_2

110 5.9w507 1518.31

$15 5°89538 15_0,01

120 5.84502 1566.0T

125 5.Tg&_2 159_,76

_30 5.F_TZ2 162k,60

lkO 5.6_956 1590,98

150 5,55320 1T65,87

160 5.65652 1848,67

110 5.36592 1938,2W

180 5,275T5 2032,91

190 5.18825 2162,_

200 5.10358 2246.95

220 _,92233 2381.20

Z_O _,76381 24_2._3

260 _.61300 2585,63

280 _._6633 2666.0_

_00 b,33261 _8_£,_3

320 _.20811 2_96.56

3_0 _,09015 295_,31

360 3,q7_55 2061.06

380 3,66615 28T3.T7

_00 3.TST30 2988.27

_20 3.65_Y3 290_.2S

kkO 3.561_7 3091,60

_60 ],675b_ _15_,80

680 3.38905 3_1_.20

500 3.30912 32?q,9_

520 3.23_bl 332q,10

540 3,15009 32F2,87

560 3.079_3 3331,06

580 3.01238 33q0,T9

600 2.9_8L2 3_52,3_

650 2.79930 3612.10

700 2o66_35 3778.25

800 2.63378 6122.83

1000 2,07617 _02_.60

_000 1.20Z12 8631,17

3000 0.8WSYB 13133,89

_000 0,6511_ 16113.35

5000 0,529t2 2_313,79

12,328 79W39,05

12.178 70916,62

11.992 T_2kO._

11.021 77557,8q

11,66T T6_69,86

11.316 T5131.20

10.900 73_75,62

10.59_ 7161_,29

10,268 69857,36

9.968 6q11_,12

9,68? 663q3.0_

9,1B_ 630_7.27

8.928 61435.63

8.668 59_72.21

0,_02 $0361,59

8.133 56907,_0

?,588 5_179.T6

7.0_9 _1702.00

6.531 _9_73._8

5.600 _5695.72

5.161 _W083,83

k.806 W2599.88

_._10 39978.83

;,029 36120,15

3,783 3_91_.0_

3.606 3346_.3_

3,_58 33008.&3

3,336 31661,_7

3.2_R 30583.52

3.203 27866,99

3,19_ 268_.83

3,182 27090.35

3.170 26000.13

3,150 26118,61

3,123 25T_3.2W

3,09_ 25281.23

3.060 2W9_3,61

3,027 2_$6,66

3,237 2_3_8.22

3,210 2_002.26

3.183 23681._7

3.156 23383.0_

3,088 2271_.R7

3.023 22153.33

2,90_ 21232.06

2,T2_ 19929.38

2,2_3 17242.?0

1,9_7 1636_.90

1.558 1570_,39

TWO-PHASE BOUNORV

0.0015805 0.16213 6.W92 3.0129_ 1.3W470 2.8005

0.00150_2 0.16213 6.011 0.01286 1.343TF 2.62_8

0.0015667 0,16200 5.W79 0.01270 1,3425? 2.&328

3.00t5902 0.16173 5.026 0.0125] 1.3_130 2,26?3

0.0015936 0.16136 _,636 0,0123_ 1.3W019 2.1236

0.0_160_6 0.16003 3,872 0,01202 1.33722 1,0k27

0.001611_ 0.15830 3.320 0.0116W 1.33k26 1,6_35

0.0015216 0.15633 2.90_ 0.0112_ 1.33131 1.5053

_.001631_ 0.15_ 2.593 0.010_6 1.32837 1.3988

3,0016W21 0.1520_ 2.3WT 0._1052 1,325_ 1.31?3

0.001_52_ 0.1_993 2.150 0.01021 1.322S2 1.2_W

0,0016615 0.1_??_ 1,_91 0.009q1 1.31961 1.20k2

0,0016738 0,1_618 1.85@ 0.00969 1.31671 1.1623

_,0016837 0.1_?8 1.?_0 O.O0_T 1._1382 1.12qO

0.0016930 0,1_3_0 1.658 0.00925 1.3109_ 1.10_0

0.001?0t2 0,1_Z06 l,Sl_ 0.0090] 1,30_00 1.0858

0.00170q3 0.1_078 1,512 0.0088_ 1.3052] 1.0731

0.00171_3 0,138_1 1,_02 0.00843 1.2995_ 1,0598

0.001?213 0,13799 1.318 O.00Blq 1.29_03 1,0_8

0.001t166 0.13857 1,250 0,00800 1.28_58 1.0308

0,0017041 0.13920 1,196 0,0078_ 1,28327 1,0217

0,00158_5 0.IW376 0.]08 0.00796 1.27811 0,7786

0.0016_95 O,IWF86 0,923 0.0080_ 1,27312 0.7993

0.0015310 0.15108 0,933 0.00810 1.26831 0.8126

0,0_1630_ 0,15533 0,939 0.00013 1.25803 0.8_7

0,001661_ 0,15734 0,933 0,00813 1.26q09 0,8670

0.001605_ 0.1577_ 0.920 _,OOe2_ 1.2_062 0,8715

0,0015650 0,15718 o._gq 0,00837 1.232_2 0.8705

O.O01_Tq? O,1SS_k 0.888 0,0086_ 1.22_96 0.8_79

0,001_375 0,15632 0.871 0.00881 1,21607 0,8465

0.0313933 0.15256 0,857 0,00_05 1.21155 0°8333

0.0_L_6_ 0.15079 0.8_ 0°00915 1,20547 0.83q0

0,001_321 0.1_911 0,_32 3.00937 1.1992_ 0.82?0

0,001352_ 0.1_763 0.023 0,00972 1.1932_ 0,8108

0.0013_70 0.1_636 0.315 0.009q5 1,18T_5 0.0061

0.001_7_ 0.1_53P 0.009 0.01032 1.18263 0.7919

0.001_3_3 0.16_56 0.80k 0.01065 1.17785 0,7825

3.00120_1 0,1_01 0,001 0.010qq 1.17329 0,77k3

0.001166_ 0.1_372 O,T9q 0.01135 1.16901 0.766;

0,0011_18 0,1_366 0,T99 0.01168 1.16_q6 0.7609

0,0011650 0.163Fq 0.799 0.0121_ 1.160_] O,T_q9

0,00111T3 0,1_I_ 0,001 0.0125_ 1,15666 O. T6_k

0.001090q 0,1_68 0.803 0.01298 1.15307 0,739_

0.00106_? 0.1_537 0,907 0,013_0 1.1696_ O.?3_q

0.00100T3 0,1_TT_ 0,_18 0.01_51 1.1_17_ 0,725_

0,0009S_1 0.15087 0,83q 0,0156q 1.13_65 O,?tTq

0,000q658 0.1588_ 0,07_ 0,01028 1.122_8 O,?OTO

0,0007315 0,17907 0,9T9 O,O2WWW 1.10385 0.6963

0.0004208 0.27?27 1,668 0.06351 1,05924 0.7867

0.0002_72 0,3q_60 2._0_ 0,110_ 1.0klkl 0,0622

0,0002297 0,51129 3.132 0.1065_ 1.03180 0,91T8

0,0001073 0.6728_ 3.029 0.2791_ 1.02577 0.9333
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Tables C-5a, C-5c, C-2a, C-2c

for normal hydrogen are located on microfiche in
an envelope inside the back cover

Precedingpageblank

509



Table C-12

Virial Coefficients for Parahydrogen

Temperature B C

°K (cm3/g tool) (cm3/g tool) 2

14 -2.372 x 1022 -6. 713 x 104

16 -1. 992 x 10: -2. 265 x 10_

18 -1. 698 x 102 -7. 121 x 103

20 -1.467 x 1_ -1 503 x 102
22 -1. 281 x 10-_ 51 656 x 10

24 -I. 129 x 10_ 1. 323 x 103

26 -I, 003 x I0. _ I, 580 x I0_
28 -8. 969 x 10_ 1. 640 x I0

30 -8. 066 x 10. _ 1. 615 x 10_

32 -7. 290 x 10! 1. 550 x 103

34 -6.615 x 10! 1.467 x 103
36 -6. 025 x 10! 1. 376 x 10

38 -5. 504 x 10-1 I. 290 x 103

40 -5. 042 x 10! 1. 214 x 103

45 -4. 086 x 10-1 1. 066 x I0_

50 -3. 343 x I01 9. 638 x 102

60 -2. 264 x 101 8. 351 x 102
70 -1. 522 x 101 7. 510 x 10
80 -9. 824 x I0 6. 878 x 102

90 -5. 725 x 10 6. 405 x 102

100 -2. 510 x 10 6. 085 x 10_

120 2. 144 x I0 5. 491 x 102
140 5. 342 x I0 5. 063 x I0
160 7. 654 x 10 4. 726 x 102

180 9. 388 x 101 4. 449 x lO__

200 1.073 x I0 1 4. 217 x I0- z
250 1. 300 x 10 3. 768 x 10__

300 1. 438 x 10! 3. 438 x 10__

400 I. 589 x 10_1 2. 976 x I0_

500 1. 660 x I01 2. 661 x I0/-

510
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Table C-20

Index of Refraction of Saturated Liquid Parahydrogen

at Three Wavelengths

Wavelength

Temperature, H 4358 _ 5462 _ 6939

n n n

15 1.1222 1.1204 1.1191

16 1.1208 1.1189 1.1177

17 1.1192 1.1174 1.1162

18 1.1176 1.1158 1.1146

19 1.1159 1.1141 1.1129

ZO 1.1141 1.1124 1.1112

21 1.1123 1.1106 1.1095

22 l. ll03 I. I086 I. I075

23 1.1082 I. I065 i. I054

24 I. I059 1.1042 I. I032

25 I. I034 l. lOl8 l. lO08

26 I. i007 1.0991 1.0981

27 1.0977 1.0962 1.0952

28 1.0944 1.0929 1.09ZO

29 1.0906 1.0892 1.0883

30 1.0862 1.0849 1.0840

L
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Table C-22

Joule-Thomson Inversion Curve of Parahydrogen

Temperature

K R

28 50.4

29 52.2

30 54.0

31 55, 8

32 57.6

34 61 2

36 64.8

40 72.0

5O 9O. 0

60 108.0

80 144. 0

I00 180. 0

120 216.0

140 252, 0

160 288, 0

180 324, 0

200 360.0

Pressure

atm psia

9.87 145.1

15.05 221.2

20.08 295.1

25.01 367.6

29.85 438,7

39,16 575.5

48,06 706.3

64,59 949.2

98.93 14_4.

124.4 1828.

153.5 2256.

161,4 2372.

162.1 2353,

140.5 2064,

102.2 1502.

50.97 749.1

.54 8,6

Denslty

mol/cm 3 x 103 lbm/ft 3

30. 06 3. 783

29.90 3.763

29.73 3.742

29,56 3.720

29.40 3.700

29.05 3.656

28,70 3,612

27. 99 3,523

26.16 3.292

24.30 3,058

20.58 2.590

17.04 2.145

14.12 1,777

10.86 1.367

7.176 0.9031

3.321 0.4179

0.036 0.0045
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Table C-24

Heats of Sublimation of Parahydrogen

Temperature Heat of
Sublimation

K C al / tool

13.813 244.90

13.000 242.30

12.000 238.71

11.000 234.76
I0.000 230.55

9.000 226.12
8.000 221.53

7.000 216.82
6.000 212.02

5.000 207.15

4.000 202.24

3.000 197.30

2.000 192.34

1.000 187.37

L
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Table C-38

Vapor Pressure of Parahydrogen

Temperature Pressure

K mm HG

3.813

3.000

2.000

1.000

0.000

9.000

8.000

7.000

6. OOO

5.000

4.000

3.000

2.000

1.000

5Z. 89

30.'13

13.78

5.567

1.917
5.343

1.118

1.561

1.198

3.570

2.080
4.832

3.985

8.255

xlO:_
x lO.z

x 103

x 10_5
xlO

lO:_
x 1018
x 10
x 10 -39
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Table C-48

Ortho-Para Compositions at Equilibrium

Percentage

in para form

for H 2

o K

i0 99.9999

20 99.821

20.39 99.789

23.57

30 97.021

33.10 95.034

40 88.727

50 77.054

60 65.569

70 55.991

80 48.537

90 42.882

i00 38.620

120 32.959

150 28.603

200 25.974

250 25.264

208.16 25.075

300 25.072

350 25.019

400 25.005

500 25.000

L
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Table C-48a Heats of Conversion from Normal to Parahydrogen

T, K cal/mol

10- 253.9865

20 253.987

20.39- 253.986

30 253.986

33.1 253.986

40 253.976

50 253.845

60' 253.212

70 251.400

80- 247.623

90 241.275

i00 232.079

120 205.857

150- 155.385

200- 78.91

250 33.98

298.16 13.76

300 13.28
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i0. INDEX

SECTION I, THERMODYNAMIC PROPERTIES

DERIVED T_ERMOPYNAMIC PRODERTI ES

FNTHALPY

ENTROPY

FREE ENERGY

INTERNAL ENERGY

THERMODYNAMIC DIAGRAMS

H-S DIAGRAMS

T-S DIAGRAMS

P-H DIAGRAMS

EOUAIION OF STATE

INTERMOLECULAR POTENTIAL FUNCTION

LENNARD-JONES POTENTIAL

VIRIAL COEFFICIE_ITS

SECOND VIRIAL COEFFICIENT

THIRD VIRIAt C_EFFICIENT

EXCFSS PROPERTIES

FIXFD POINTS

CRITICAL CONSTANTS

CRITICAL DENSITY

CRITICAL PRESSURE

CRITICAL TEMPERATURE

NORMAL BOILING POINT

SOLID-PHASE TRANSITIONS

TRANSITION TEMPERATURES

TRIPLE POINT CONSTANTS

TRIPLE POINT DENSITY

TRIPLE POINT PRESSURE

TRIPLE POINT TEMPERATURE

HEAT CAPACITY, SEE SPECIFIC HEAT

HEAT TRANSFER AND PRESSURIZATION PARAMETERS

IDEAL GAS PROPERTIES, THERMODYNAMIC

JOULE-THOMSON EFFECT

INVERSIOM CURVE

JOULE-THOMSON COEFFICIENT

JOULE-THOMSON INVERSION CURVE

LATENT HEAT, SEE PHASE TRANSITION PROPERTIES

_IXTURE PROPERTIES

PHASE EQUI[IBRIA

LIQUID-SOLID EQUILIBRIU_

LIQUID-VAPOR EQUILIBRIUM

pHASE SEPARATION

SOLID-SOLID EQUILIBRIUM

SOLID-VAPOR EQUILIBRIUM

VAPOR-VAPOR EQUILIBRIUM

OTHER EQUILIBRIA

SOLUBILITY

pHASE TRANSITION PROPERTIES

tATENT HEATS

HEAT OF FUSION

HEAT OF sUBLIMATION

HEAT OF TRANSITION

HEAT OF VAPORIZATION

MELTING CURVF

MELTING POINT

MELTING PRESSURES

SATURATED LIOUID DENSITY

521

Precedingpageblank

AI4

Aq

AIO

A45

A21

A37

A37

A_7

A37

All

AI3

AI3

AI2

AI2

AI2

A_I

AI_

AI_

A14

AI_

AI4

A14

,A46

A]4

AI4

AI4

AI_

A14

A43

AI9

A22

A22

A22

A22

A41

A41

A41

A41

A4I

A41

A4I

A41

A41

A41

A23

A24

A46

A25

A26

AI_

A27

A32
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SATURATED VAPOR DFNSITY

SATURATION SPECIFIC HEAT

vAPOR PRESSIJRF

PRESSURE, SEE PVT PROPERTIES

PvT PROPERTIES

BOYLE POINT

COMPRESSIBILITY

ADIABATIC COMPRESSIBILITY

COMPRESSIBILITY COEFFICIENT

ISOTHERMAL COMPRESSIBILITY

VOLUME E×DANSIVITY

COMPRESSIBILITY FACTOR

DENSITY

MOLAR VOl UME

FXPANSIVITY

DVT DATA

SPECIFIC VOLUME

SATURATION PROPERTIES, SEE ALSO PHASE

ShNIC PROPERTIES

DISPERSION

SONIC VELOCITY

SOUND ABSORPTION

SOUND VELOCITY

SPFFD OF SnUND

VELOCITY OF SOUND

SPECIFIC HEAT

SPECIFIC HEAT AT CONSTANT PRESSURE

SPECIFIC HEAT AT CONSTANT VOLUME

SPECIFIC HEAT RATIO

SPECIFIC HEAT AT SATURATION

SUBLIMATION PRESSURE

SURFACE TENSION

SURFACE FNERGY

TEMPERATURE, SEE PVT PROPERTIES

VAPOR PRESSURE

VOLUME, SEE PVT PROPERTIES

SECTION IT, TRANSPORT PROPERTIES

ACCOMODATION C_FFFICIENT

DIFFUSION

DIFFUSION COEFFICIENT

MASS DIFFUSIVITY

SELF-DIFFUSION COEFFICIENT

THERMAL DIFFUSION

THERMAL DIFFUSIVITY

EtECTRICAL CONDUCTIVITY

PRANDTL NUMBER

THERMAL CONDUCTIVITY

EUCKEN FACTOR

THERMAL TRANSPIRATION

THERMOMOLECULAR PRESSURE DIFFFRENCE

THERMOMOLECULAR PRESSURE RATIO

VISCOSITY

BULK VISCOSITY

DYNAMIC VISCOSITY

KINEMATIC VISCOSITY

SHEAR VISCOSITY

SECTION Ill, PHYSICAL PROPERTIES

ATOMIC WFIGHT

_TEFRACTION

ELECTRON DIFFRACTION

NEUTRON DIFFRACTION

X-RAY DIFFRACTION

ELECTRICAL PROPERTIES

DIELECTRIC BREAKDOWN

DIELECTRIC STRENGTH

TRANSITION

522

PROPERTIES

A32

AI8

A3R

A30

A30

AI2

AI2

A40

A2

A4

A47

A3

A30

A30

A90

A30

A30

A32

A99

A33

A3_

A33

A33

A33

AT5

AI6

AT7

AI8

A3R

A35

A99

A30

A38

A30

A1

A6

A6

A6

A6

A6

A7

A8

A29

A36

A36

A44

A64

A44

A39

A39

A39

A39

A39

AIA

A99

Ag9

A99

A99

A8,A99

A8

A8

L
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ELECTRICAL BREAKDOWN STRENGTH

ELECTRICAL CONDUCTIVITY

ELECTRICAL RESISTANCE

IONIZATION p_TENTIAL

IRRADIATION

ALPHA RADIATION

ELECTRON RADIATION

GAMMA RADIATION

NEUTRON RADIATION

LIQUID STATE PROPERTIES, SEE THE

LIQUID STRUCTURE

MAGNETIC PROPERTIES

MAGNETIC SUSCEPTIBILITY

MAGNETIZATION

_OLECULAR WEIGHT

NUCLEAR PROPERTIES

ESR

NMR

OPTICAL PROPERTIES

ABSORPTION SPECTRA, INFRARED,

CLAUSIUS-MOSSOTTI RFLATION

DIELECTRIC CONSTANT

EPISSIVITY

INDEX OF REFRACTION

RADIATION ABSORPTION

RADIATIVF PROPERTIFS

REFLECTANCE

SPECTROSCOPY

VIBRATIONAL PROPERTIES

TRANSMITTANCE

SOLID STATE PROPERTIFS

CRYSTAL STRUCTURE

DEBYE CONSTANT

LATTICE PARAMETER

SOLID DENSITY

SPECIFIC IMPULSE

SECTION IV, ALPHABETICAL KEY WORD

ABSORPTION SPECTRA, INFRARED, SEE

ACCOMODATION COEFFICIENT

ADIABATIC COMPRESSIBILITY

At.PHA RADIATION

ATOMIC WEIGHT

BIRERINGENCE

BOILING POINT

BOYLE POINT

BULK MODULUS

BULK VISCOSITY

CLAUSIUS-MOSSOTTI RELATION

COEFFICIENT OF VOLUME EXPANSION

COEXISTING PHASFS

BILITY

BILITY COEFFICIENT

BILITy FACTOR

PROGRAMS, MAJOR,

COLOR

COMPRESSI

COMPRESSI

COMPRESSI

COMPUTER

CP

CREEP

CRITICAL CONSTANTS

CRITICAL DENSITY

CRITICAL PRESSURE

CRITICAL TEMPERATURE

CRYSTAL STRUCTURE

CSAT

CV

DEBYE TEMPERATURE

PARTICULAR PROPERTY

SEE ALSO RADIATIVE PROPERTIES

LIST OF PROPERTIES

ALSO RADIATIVE PROPERTIES

SEE MAIN TEST FOR REFERENCES

523

A8

A8

A8

A99

A99

A9q

A99

A99
A99

A99

A99

A99

A99

A14

A99

A99

A99

A31,A42,A99

A42

A5

A5

A31,A99

A20

A42

A31

A99

A42,A99

A99

A99

A99

A99

A99

A99

A99

A99

A42

AI

AAO

A99

A14

A�q

AT4

A14

A99

A39

A5

A47

A32

AO

A2,A4,A40,AA7

A2

A3

A15

A99

A14

A14

A14

A14

A99

A]8

A16
A99



DEBYE CONSTANT

DEFINITIONSt SEE THE PARTICULAR PROPERTY

DFNSITY

DETONATION

DIELECTRIC BREAKDOWN

DIELECTRIC CONSTANT

DIELECTRIC STRENGTH

DIFFRACTION

DIFFUSION

DIFFUSION COEFFICIENT

DISPERSION

DYNAMIC VISCOSITY

ELASTIC CONSTANT

EL.ECTRICAL BREAKDOWN STRENGTH

ELECTRICAL CONDUCTIVITY

Et.ECTRICAL PROPERTIES

ELECTRICAL RESISTANCE

EL.ECTRON DIFFRACTION

EI.ECTRON DRIFT

ELECTRON DRIFT

ELECTRON RADIATION

ELECTRON SPIN

ELECTRON SPIN RESONANCE

EMBRITTLEMENT

EMISSIVITY

ENERGY DERIVATIVE

ENTHALPY

ENTHALPY OF FUSION

ENTHALPy OF SUBLIMATION

ENTHALPY OF VAPORIZATION

ENTROPY

EOUATION OF STATE

EQUILIBRIUM HYDROGEN

ESR

EUCKEN FACTOR

EXCESS PROPERTIES

EXPANSIVITY

FIXFD POINTS

FLAMMABILITY

FREE ENERGY

GAMMA RADIATION

GAS - GAS EQUILIBRIUM

HEAT CAPACITY

HEAT CONTENT

HEAT OF FUSION

HEAT OF SUBLIMATION

HEAT OF TRANSITION

HEAT OF VAPORIZATION

HEAT TRANSFER AND PRESSURIZATION PARAMETERS
H-S DIAGRAMS

HYDROGEN GEL

IDEAL GAS PROPERTIESt THERMODYNAMIC

INDEX OF REFRACTION

INFRARED ABSORPTION

INTERMOLECULAR POTENTIAL FUNCTION

INTERNAL ENERGY

INVERSION CURVE

IONIZATION POTENTIAL

IRRADIATION

ISOTHERMAL BULK MODULUS

I_OTHERMAL COMPRESSIBILITY

ISOTOPES

ISOTOPIC PHASE SEPARATION

ISOTOPOMERS

JOULE-THOMSON COEFFICIENT

524

A99

A30

A52

A8

A5

AR

A99

A6

A6

A99

A39

A99

A8

A8

ABtA99

A8

A99

A99

A99

A99

A49

A99

AO

A31*A99

A_3

A9

A23

A24

A25

AIO

All

A48

A99

A36

A41

A41

A16

A52

A45

A99

A41
A]SoA16tA17tA18

A9

A23

A24

A46

A25

AA3

A37
A99

A19

A20

A42

A]3

A2]

A22

A99

A99

A_3

A_

A49

A99

A99

A22

L
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J_ULE-TH_MSON EFFECT

JOULE-THOMSON INVERSION CURVF _,_._
KINEMATIC VISCOSITY

LATENT HEAT

LATTICE PARAMETER _ _v

LENNARD-JONES POTENTIAL

LIQUID-5OLID EQUILIBRIUM

LIQUID STRUCTURE

LIQUID-VAPOR EOUILIBRIUM

MAGNETIC PROPERTIES

MAGNETIC SUSCEPTIBILITY

MAGNETIZATION

MAGNETO OPTICS

MAGNETO RESISTANCE

MASS DIFFUSIVITY

MELTING CURVE

MELTING POINT

MELTING PRESSURFS

MFTALIC

MIXTURE PROPERTIES

MOLAR VOLUME

MOLFCULAR WEIGHT

qOLLIER DIAGRAM

NEUTRON DIFFRACTION

NEUTRON RADIATION

NEUTRON SCATTERING

NEUTRON SPECTRA

N_R

NORMAL BOILING POINT

NORMAL HYDROGEN

NUCLEAR MAGNFTIC RESONANCF

NUCLEAR PROPERTIES

NUCLEAR SPIN

ODOR

OPACITY

ORTHOBARIC PROPERTIES

ORTHO HYDROGEN

ORTHO-PARA ABSORPTION

ORTHO-PARA DIFFERANCES

OPTICAL PROPERTIES

RTHFR EQUILIBRIA

PARAHYDROGEN

P-H DIAGRAMS

PHASE DIAGRAM

PHASE EQUILIBRIA

PHASE SFPARATION

PHASE TRANSITION PROPERTIES, SEE SECTION I

PtASTIC DEFORMATION

PREPARATION OF HYDROGEN

PRANDTL NUMBER

PRESSURE9 SEE PVT PROPERTIES

PRESSURE - ENTHALPY DIAGRAM

PVT DATA

PVT PROPERTIES

RADIATION ABSORPTION

RADIATIVE PROPERTIES

REFLECTANCE

REFRACTIVE INDEX

RELAXATION TIMFS

SAFETY

SATURATED LIQUID DENSITY

SATURATED VAPOR DENSITY

SATURATION PROPERTIES, SEE ALSO PHASE TRANSITION PROPERTIES

SATURATION SPECIFIC HEAT

SCATTERING

SECOND VIRIAL COEFFICIENT

525

A22

A22

A39

A23,A24,A?5

A99

A13

A41

A99

AA1

Agg

A99

Agg

A99

A99

A6

A26

AI_

A27

ASO

A_I

A30

A37

A99

A99

A99

A99

A99

A14

A48

A99

A99

AA8

AO

A99

A32

A_8

A99

A48

A319A429A99

A41

A48

A37

A28

A41

A_I

A99

AO

A29

A30

A37

A30

A30

A42

A31

A99

A20

Agg

A52

A32

A32

A32

A18

A99

A12



SELF-DIFFUSION COEFFICIENT

SENFTLEBEN EFFECT

SHEAR STRENGTH

SHEAR VISCOSITY

SL.USH

SOLID DENSITY

SOLID-PHASE TRANSITIONS

SOLID-SOLID EOUILIBRIUM

SOLID - SOLID TRANSITION

SOLID STATE PROPERTIES

SOLID-VAPOR EOUILIBRIUM

SOLUBILITY

SONIC PROPERTIES, SEE SECTION I

SONIC VELOCITY

SOUND ABSORPTION

SOUND VELOCITY

SPECIFIC HEAT

SPECIFIC HEAT AT CONSTANT PRESSURE

SPECIFIC HEAT AT CONSTANT VOLUME

SPECIFIC HEAT AT SATURATION

SPECIFIC HEAT INPUT

SPECIFIC HEAT RATIO

SPECIFIC IMPULSF

SPECIFIC IMPULSF

SPECIFIC VOLUME

SPECTROSCOPY

SPEED OF SOUND

STRESS RELAXATION

SUBLIMATION

SUBLIMATION PRESSURE

SURFACE ENERGY

SURFACE TENSION

SUSCEPTIBILITY

TASTE

TEMPERATURE, SEE PVT PROPERTIES

TFMPERATURE - FNTROPY DIAGRAM
TENSILE STRENGTH

THERMAL CONDUCTIVITY

THERMAL DIFFUSION

THERMAL DIFFUSIVITY

THERMAL TRANSPIRATION

THERMODYNAMIC DIAGRAMS

THERMOMAGNETISM

THERMOMOLECULAR PRESSURE DIFFERENCE

THERMOMOLECULAR PRESSURE RATIO

THERMOPHYSICAL PROPERTIES, SEE SECTION It

THIRD VIRIAL COEFFICIENT

TRANSITION TEMPERATURES

TRANSMITTANCE

TRIPLE POINT CONSTANTS

TRIPLE POINT DENSITY

TRIPLE POINT PRESSURE

TRIPLE POINT TEMPERATURE

T-S DIAGRAMS

UNCERTAINTIES, SEE THE PARTICULAR PROPERTY
VAPOR PRESSURE

VAPOR-VAPOR EQUILIBRIUM

VELOCITY OF SOUND

VIBRATIONAL PROPERTIES

VIRIAL COEFFICIENTS

VISCOSITY

VOLUME, SEE PVT PROPERTIES

VOLUME EXPANSIVITY

X-RAY DIFFRACTION

YOUNGS MODULUS
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IT, OR III

A6

A99

A99

A39

A51

A99

ASO,A99

A_]

ASOtA99

A99

A41

A41

A33

A34

A33

A15,A16,A17_A18

A]5

A|6

A18

A43

A17

A99

A99

A30

A99

A33
A99

A24,A38

A38

A99

A35

A99

AO

A30

A37
A99

A36
A6

A7

A44

A37

A99

A4_

A44

A12

A14

A99

AI4

A14

A14

A14

A37

A38

A41

A33

A99

A12

A39

A30

A47

A99

A99
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ii. Unit Conversions, Physical Constants and Symbols

A complete description of the International System of units is given in

[72728] Page, C. H. and Vigoureux, P., Natl. Bur. Standards, Spec. Publ. 330

(Jan 1971). A good general reference for physical constants and conversion

factors is [25291] Mechtly, E. A., National Aeronautics and Space Administration,

SP-7012 (1964). Selected unit conversion and physical constants are given in

the following table.
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Conversion Factors

lb/ft 3 Kg/m 3

1 = 16.018 =

.O62428 = 1 =

62.428 = 1000 =

125.85 = 2015.9 =

5.6111 x 10 -3 = .089881 =

Dens_y

g/_m 3

.016018 =

.001 =

1 =

2.0159 =

-5
8.9881 x 10

tool/cm 3 Amagat

7.9458 x 10 -3 178.216

4.9605x 10 -4 11.126

.49605 = 1.1126 x 104

1 = 2.2428 x 104

4.4586 x 10 -5 = 1

Specific Volume

ft3/lb m3/Kj

(liter/g)

1 = .062428

16.018 = 1

.016018 = .001

7.9458 x 10 -3 = 4.9605 x 10 -4

=

=

=

=

cm3/g cm3/mol

62.428 = 125.85

1000 = 2015.9

1 = 2.0159

.49605 : 1

lbf/in 2 MPa

(psi)

1 = 6. 8948 x 10 -3

145.04 = 1

14.696 = .10132

.019337 = 1.3332 x 10 -4

14. 504 = .1

Pressure

Atm

= .068O46 =

= 9.8692 =

= I =

-3
= 1.3158 x 10 =

= .98692 =

Torr Bar

(turn Hg)

51.715 = 6.8948 x 10 -2

7500.6 = 10.0

760.0 -- 1.0132

-3
1 = 1. 332 x 10

750.06 = 1
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Enthalpy, Heat of Vaporization, Heat of Conversion, Specific Energies

BTU/lb KJ/K__ J/tool cal/g

(j/g)

1 = 2.3244 = 4. 6858 = .55556

.43022 = 1 = 2.0159 = .23901

.21341 = .49605 = I : .11856

1.8 = 4.1840 = 8. 4345 = 1

BTU/Ib- °R

I =

.23901 =

.11856 =

.49605 =

Specific Heat, Entropy

KJ/K_-K J/tool -K cal/tool -K

(J/g -K)

4. 184 = 8.4345 = 2.0159

1 = 2.0159 = .48182

.49605 = 1 = .23901

2.0755 = 4.184 = I

BTU/ft-hr- °R

1 =

.057816 =

57.816 =

241.90 =

Thermal Conductivity

mW/cmkK J/s-cm-K cal/s-cm-K

17.296 = .017296 = .0041338

1 = .001 = 2.3901 xl0 -4

1000 = I = .23901

4184 = 4. 184 = 1

Ib/ft-s

I =

.67197 =

6. 7197 x 10 -4 =

32. 175 =

Viscosity

K_/m-s Centipoise lb- s/ft 2

(N-s/m 2) (10"2g/cm-s) (slug/ft-s)

1.48816 = 1488. 16 = .031081

1 = I000 = .020885

.001 = 1 = 2.0885 x 10 -5

47.881 = 4.7881 xlO +4= 1
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K R

1 = 1.8

Temperature

C

1

F

1.8

Velocity of Sound

ft/s m/s

1 = .3048

3.2808 = 1

lbf =

lb =

g =

Kg =

tool =

ft =

m =

cm =

BTU =

J =

W =

cal =

R =

F =

K =

C =

N =

SPa --

Atm =

Torr =

cp =

slug =

R =

Surface Tension

lbf/in N/m

1 = 175.13

5. 7102 x 10 -3 = 1

5.7102 x 10 -3 = .001

dyne s /cm

= 175.13 x 103

= 1000
= 1

pound force

pound rna ss

gram

Kilogram mass

2.01594 gram

foot

meter

c entimete r

British Thermal Unit

joules = watt second

watt

calorie

absolute temperature in degrees Rankine

temperature in degrees Fahrenheit

absolute temperature in Kelvins

temperature in degrees Centigrade

Newton

Megapascal (pressure)

Atmosphere pressure

Millmeter of mercury : ressure

Centipolse

32.174 Ib

Gas constant = 8. 31434 J/tool-K, 8. 31434 x I06 N-cm3/m3-mol-K

= 82. 0562 Atm-cm3/mol-K = 10. ?314PSI-_t3/mol-R

molecular weight = 2. 01594
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